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Summary	
Food security remains a major challenge in Sub-Saharan Africa. Sustainable agricultural development 
is fundamental for food security and poverty alleviation, notably in developing countries. Many 
development initiatives focus on enhancing smallholder production because the majority of poor 
people in developing countries live in rural areas where agriculture is the main source of livelihood. 
However, the consequences of these development initiatives are often diverse, having intended 
effects as well as unforeseen adverse impacts. Therefore, there is a need to assess development 
strategies/projects prior to their implementation to reduce the risk of possible negative impacts and 
to allow for adjustments, if necessary. This can be achieved by applying ex-ante sustainability impact 
assessment.  
The theoretical discourse on ex-ante sustainability impact assessment is comprehensive, emphasising 
the equal integration of all three sustainability dimensions (social, economic and environmental), the 
active involvement of stakeholders at every step of the assessment process and a focus on exchange 
and learning among the involved stakeholders. In practice, local communities are rarely involved in 
ex-ante impact assessment. Moreover, despite a strong emphasis on their involvement in theory, 
there remains a lack of easily applicable frameworks for sustainability impact assessment. Hence, 
there are only few concrete case studies having analysed the value added by applying sustainability 
impact assessment with local stakeholders and its benefit for planning agricultural measures to 
enhance food security and sustainable development. This PhD thesis closes the gap by developing 
and applying an ex-ante impact assessment approach that is based upon the Framework for 
Participatory Impact Assessment (FoPIA) method and is applicable at small-scale farmer level in the 
development context. The framework was applied to assess the sustainability of upgrading strategies 
along the farmers’ food value chains to improve food security in rural Tanzania at four contrasting 
case study villages in the semi-arid Dodoma Region and the semi-humid Morogoro Region.  
This thesis first (chapter 1) provides an overview of the food security situation of smallholders in 
developing countries, with an emphasis on Tanzania. The research objective, the hypothesis as well 
as the study area are presented. In the second part (chapter 2), an overview of the development 
pathway of impact assessment is given, starting with the first initiatives of environmental impact 
assessments and proceeding to today’s existing manifold impact assessment types (chapter 2.1). 
Furthermore, social learning theory (chapter 2.2.1) and planning theory (chapter 2.2.2) are presented 
in further detail, as the theoretical foundations of this PhD thesis. The pathway from disciplinary all 
the way to transdisciplinary research (chapter 2.3) is illustrated to embed the thesis’ methodological 
approach, before the research design is presented in chapter 3. The results section (chapter 4) 
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comprises three peer-reviewed journal articles, with another fourth review article included in the 
annexe. Chapter 5 provides the overall conclusion of this research. 
The author of this thesis is the first author of four publications in four different international peer-
reviewed journals. The articles have been elaborated in the following chronological order: 
The first publication is a review article called Methods to assess farming sustainability in developing 
countries. This article was not used in the main text of this dissertation due to its review character. 
With the resolution 12/2015.13 taken on 16th December 2015 by the board of the faculty of life 
sciences (Thaer-Institute, Humboldt-Universität zu Berlin) it was decided that review articles cannot 
further be counted as one of the required publications within a cumulative dissertation. 
Nevertheless, this article was integrated in the annexe section (Annexe 1), because based upon the 
analysis conducted in the review, the methodological approach that was applied in this thesis was 
chosen. This review provides a detailed insight into the state of the art of ex-ante sustainability 
impact assessment. First, a theoretical discourse of ex-ante impact assessment is presented. 
Altogether, ten methodological approaches were analysed regarding the theoretical background and 
requirements of sustainability impact assessment.  
The first paper of this dissertation, Developing community-based food security criteria in rural 
Tanzania (Chapter 4.1) presents the first part of the methodological framework FoPIA and shows in 
detail the elaboration of the food security criteria with local farmers, which were later used during 
the impact assessment process. The local understanding of food security was analysed and a set of 
food security criteria was derived in a participatory process. The criteria covered the three 
dimensions of sustainability (social, economic and environmental), while simultaneously representing 
the food security dimensions (availability, access, utilization and stability) showing the holistic view of 
the farmers regarding food security within their local context. 
The second paper of this dissertation, Sustainability impact assessment to improve food security of 
smallholders in Tanzania (Chapter 4.2) presents the entire FoPIA framework and the impact 
assessment results of proposed agricultural upgrading strategies on the elaborated food security 
criteria (presented in the first paper [Chapter 4.1]) in all four case study villages. The positive impacts 
were found to be mainly related and attributed to increased agricultural production. Several negative 
impacts were also indicated by the farmers, such as increased workload, loss of traditional 
knowledge and social conflicts in the family and community. In conclusion, the participatory impact 
assessment with FoPIA with farmers allowed a site-specific analysis of the various positive and 
negative impacts of agricultural upgrading strategies on social life, the economy and the 
environment. 
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The third paper of this dissertation, Participatory impact assessment: Bridging the gap between 
scientists’ theory and farmers’ practice (Chapter 4.3) presents the results of both the farmers’ and 
the scientists’ impact assessments. The results show that farmers and scientists have considerably 
different views on the impacts of proposed agricultural upgrading strategies. It is concluded that ex-
ante impact assessment is a valuable tool to assess impacts from different angles, facilitating insights 
into the complex socio-environmental context of local communities. It allows for corrective measures 
during planning and prior to implementation, which help in adapting planned upgrading strategies to 
ultimately benefit the local community. 
 
  
 
 
 
 
Zusammenfassung 
vii 
Zusammenfassung	
Die Ernährungssicherung der Bevölkerung im ländlichen Raum in Sub-Sahara Afrika ist eine der 
dringlichsten Herausforderungen unserer Zeit. Der Großteil der Bevölkerung ist von der eigenen 
landwirtschaftlichen Produktion für die Ernährung und die Existenzsicherung abhängig. Eine 
nachhaltige Entwicklung kleinbäuerlicher Landwirtschaft ist daher eine Grundvoraussetzung für 
Ernährungssicherung und Armutsbekämpfung. Eine Vielzahl von Entwicklungsmaßnahmen zielt auf 
die Verbesserung der Agrarproduktion von Kleinbauern und Kleinbäuerinnen ab, um die 
Ernährungssituation zu verbessern. Die Konsequenzen dieser Entwicklungsmaßnahmen sind oft 
vielfältig; neben gewollten, intendierten Wirkungen, können sich Entwicklungsmaßnahmen auch 
negativ auswirken. Daher ist es essentiell ein ex-ante impact assessment vor der Umsetzung 
durchzuführen, um eventuelle negative Auswirkungen frühzeitig zu identifizieren und die geplanten 
Maßnahmen dementsprechend anzupassen.  
Der theoretische Diskurs hinsichtlich der Charakteristika von ex-ante sustainability impact 
assessment ist sehr umfassend erarbeitet. Hier werden vor allem die gleichwertige Integration der 
drei Nachhaltigkeitsdimensionen (Soziales, Wirtschaft und Ökologie), die aktive Partizipation 
verschiedener Stakeholder auf unterschiedlichen Ebenen und der Austausch- und Lernprozess in den 
Mittelpunkt gerückt. In der Praxis wird die lokale Bevölkerung hingegen selten in ex-ante 
Wirkungsanalysen von geplanten Entwicklungsmaßnahmen involviert. Auch wenn in sustainability 
impact assessment ein interaktiver Einbezug der lokalen Bevölkerung unterstrichen wird, existieren 
kaum einfach anwendbare methodische Vorgehensweisen, um dies durchzuführen. Zudem gibt es 
bisher nur wenige Fallstudien, die das Einbeziehen von lokalen Stakeholdern beschreiben, 
systematisch analysieren und den Mehrwert für die Planung von landwirtschaftlichen 
Entwicklungsmaßnahmen herausstellen. Die vorliegende Arbeit hat zum Ziel diese Forschungslücke 
zu schließen. Im Rahmen der Dissertation wurde ein methodischer Ansatz für ein ex-ante 
sustainability impact assessment für die Anwendung mit der lokalen Bevölkerung entwickelt. Diese 
Methode wurde angewendet, um die positiven und negativen Auswirkungen von geplanten 
landwirtschaftlichen Entwicklungsmaßnahmen aus Sicht der Kleinbauern und Kleinbäuerinnen zu 
analysieren. Die Forschung wurde in vier Dörfern im semi-ariden Dodoma und im semi-humiden 
Morogoro in Tansania durchgeführt. 
Im ersten Kapitel wird ein allgemeiner Überblick zur Ernährungssituation in Entwicklungsländern, 
insbesondere in Tansania, und zum Stand von ex-ante impact assessment im Rahmen von 
landwirtschaftlichen Entwicklungsprojekten gegeben. Die Forschungsfrage und Hypothese werden 
vorgestellt. Im zweiten Kapitel wird die Entwicklung von impact assessment präsentiert; von den 
ersten Umweltverträglichkeitsstudien hin zu den heute anerkannten Ansätzen des impact 
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assessments (2.1.). Des Weiteren werden zwei Theorien dargestellt auf denen die vorliegende Arbeit 
aufbaut: Social Learning Theory (2.2.1) und Planning Theory (2.2.2). Der in der Dissertation 
angewandte methodische Ansatz wird in einem Entwicklungsdiskurs von disziplinärer Forschung hin 
zu transdisziplinärer Forschung eingebettet (2.3). Das Forschungsdesign wird im dritten Kapitel 
dargestellt. Die Forschungsergebnisse, die in drei wissenschaftlichen Beiträgen veröffentlicht worden 
sind, finden sich in Kapitel vier wieder. In Kapitel fünf erfolgt die Zusammenfassung der 
wissenschaftlichen Ergebnisse. 
Die Autorin der vorliegenden Dissertation ist Erstautorin von vier Publikationen, die in folgender 
chronologischer Abfolge erarbeitet worden sind: 
Die erste Publikation ist ein Übersichtsartikel, Methods to assess farming sustainability in developing 
countries. A review. Dieser wurde nicht im Haupttext der Dissertation verwendet. Mit dem vom 
erweiterten Fakultätsrat der Lebenswissenschaftlichen Fakultät gefällten Beschluss 12/2015.13 vom 
16.12.2015 wird ein Übersichtsartikel (Review) als Bestandteil einer kumulativen Dissertation nicht 
mehr anerkannt. Nichtsdestotrotz wurde dieser Artikel im Anhang eingefügt, denn auf Basis der darin 
durchgeführten Analyse wurde der methodische Ansatz für das impact assessment der vorliegenden 
Forschungsarbeit ausgewählt. Der Review-Artikel beschreibt den theoretischen Diskurs von 
sustainability impact assessment, der mit den in der Praxis angewandten Modellen und Methoden 
verglichen wird.  
Der erste Artikel der Dissertation, Developing community- based food security criteria in rural 
Tanzania (4.1) stellt den ersten Teil des in der vorliegenden Arbeit angewandten methodischen 
Ansatzes dar und zeigt im Detail die partizipative Erarbeitung von Food Security-Kriterien, die später 
im ex-ante sustainability impact assessment für die Bewertung der landwirtschaftlichen 
Entwicklungsmaßnahmen angewandt worden sind. Die Kriterien decken die drei 
Nachhaltigkeitsdimensionen als auch die vier Ernährungssicherungsdimensionen ab. Dies zeigt den 
allumfassenden, holistischen Blick, den die Kleinbauern und Kleinbäuerinnen auf ihre 
Ernährungssituation haben. 
Der zweite Artikel der Dissertation, Sustainability impact assessment to improve food security of 
smallholders in Tanzania (4.2) stellt den gesamten methodischen Rahmen wie dieser in den vier 
Dörfern angewendet wurde sowie die impact assessment-Ergebnisse dar. Die als positiv 
angegebenen Wirkungen der geplanten Entwicklungsmaßnahmen beziehen sich insbesondere auf 
eine landwirtschaftliche Produktionserhöhung. Einige negative Auswirkungen, wie das erhöhte 
Arbeitsaufkommen, Verlust von traditionellem Wissen und soziale Konflikte wurden ebenso 
angegeben. Die Ergebnisse zeigen, dass impact assessment Einblick in angenommene positive und 
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negative Auswirkungen von geplanten landwirtschaftlichen Entwicklungsmaßnahmen auf das soziale 
Leben, die lokale Wirtschaft und die Umwelt ermöglicht. 
In der dritten Publikation der Dissertation, Participatory impact assessment: Bridging the gap 
between scientists’ theory and farmers’ practice (4.3) werden die impact assessment-Ergebnisse von 
Wissenschaftlern und der lokalen Bevölkerung dargestellt. Die Ergebnisse zeigen, dass 
Wissenschaftler und kleinbäuerliche Produzent/innen durchaus unterschiedlich die positiven und 
negativen Auswirkungen von geplanten Entwicklungsmaßnahmen interpretieren. Ex-ante 
sustainability impact assessment ist ein wertvoller Ansatz, um Auswirkungen von 
Entwicklungsmaßnahmen aus unterschiedlicher Perspektive zu interpretieren. Geplante Maßnahmen 
können somit vor ihrer Umsetzung angepasst werden, um einen wirklichen Mehrwert für die 
Verbesserung der Ernährungssituation im lokalen Kontext zu erreichen. 
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1 General	introduction	
“Would you tell me, please, which way I ought to go from here?” 
“That depends a good deal on where you want to get to,” said the Cat. 
“I don't much care where” said Alice. 
“Then it doesn't matter which way you go,” said the Cat. 
“So long as I get somewhere,” Alice added as an explanation. 
“Oh, you're sure to do that,” said the Cat, “if you only walk long enough.”  
 
Picture 1: Lewis Carroll, Alice in Wonderland 
In the real world, we cannot simply “walk” long distances without orientation to get “somewhere”, 
particularly when we consider critical subjects such as food security. We need to plan effectively and 
take decisions for suitable and sustainable solutions. Ex-ante impact assessment is a valuable and 
useful approach/tool to support the achievement of this goal. Ex-ante impact assessment is defined 
as “the process of identifying the future consequences of a current or proposed action”(IAIA 2009). 
Impact assessment has a dual nature: it is a technical tool for analysing the consequences of planned 
intervention (policy, plan, programme and project) providing information to stakeholders and 
decision-makers and it is a legal and institutional procedure linked to the decision-making process of 
a planned intervention (IAIA 2009). To enhance food security in rural regions in developing countries, 
we must not lose time and we need to decide and provide solutions that improve the situation now 
and in the future.  
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1.1 	Sustainable	agricultural	development	to	improve	food	security	
The majority of the 780 million undernourished people in 2014 to 2016 live in developing regions. 
Food security remains a major challenge in Africa, particularly in Sub-Saharan Africa, where 23.2% of 
the population is undernourished, altogether amounting to approximately 220 million people, which 
is the highest prevalence in the world (FAO 2013, 2015). The definition of food security agreed upon 
at the 1996 World Food Summit states that food security “exists when all people, at all times, have 
physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and 
food preferences for an active and healthy life’’ (FAO 1996, 2009). Food security has four dimensions: 
availability, access, utilisation and stability (WFP 2013; FAO 2013), which the WFP (2013) defines the 
dimensions as follows: 1) availability: “the presence of food through all forms of domestic 
production, commercial imports and food aid”; 2) access: “the households ability to acquire 
adequate amounts of food”; 3) utilisation “the ability of members of a household to make use of the 
food to which they have access”; and 4) stability: “the ability to avoid inadequate access because of 
weather conditions, social, economic or political instability”.  
Agricultural development - particularly of small-scale farming - is the backbone of food security and 
poverty alleviation, especially in developing countries (WSSD 2002; FAO 2013). More than 90% of 
farms worldwide are managed by individuals or families (IAASTD 2009; IFAD and UNEP 2013). 84% of 
these farms are smaller than two hectares. Indeed, even though these farms produce more than 80% 
of the world’s food in terms of value and supply local and national markets, most small family 
farmers are poor and food-insecure (IAASTD 2009; Dethier and Effenberger 2012; IFAD and UNEP 
2013; FAO 2015).  
Agriculture faces multiple challenges, requiring the development of agricultural solutions with a high 
environmental, economic and social performance (Deytieux et al. 2016). Furthermore, agricultural 
development demands a sustainable approach for a long-lasting improvement of the food situation 
(WSSD 2002; FAO 2013). Sustainable agriculture is socially just, ecologically sound, economically 
viable and it aims to produce the food needed to achieve food security (IAASTD 2009; Cavatassi 
2010; FAO 2013). According to Jayne et al. (2010), “without renewed attention to sustained 
agricultural productivity growth, most small farms in Africa will become increasingly unviable 
economic and social units”. Jayne et al. (2010) list the major challenges for smallholders in Sub-
Saharan Africa, namely the unequal distribution of land and particularly the small land size per capita 
of smallholders, the low productivity of small farms due to a lack of access to inputs, the high labour 
migration of rural population to the urban areas due to a lack of income-generating activities, a lack 
of linkage of small farmers to the markets, a lack of literacy and non-farm income and farm policies 
of high-income countries. In order to respond to the current and future challenges and societal 
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needs, various actions have to be taken in agriculture to evolve towards more sustainable farming 
practices. Coteur et al. (2016) state that: “These actions imply strategic choices and suppose 
adequate sustainability assessments to identify, measure, evaluate and communicate sustainable 
development. However, literature is scarce on the link between strategic decision making and 
sustainability assessment”. Sustainability impact assessment can be seen as “a range of processes 
that all have the broad aim to integrate sustainability concepts into decision making” (Pope, 2006) or 
“a process by which the implications of an initiative on sustainability are evaluated” (Pope et al., 
2004). 
1.2 Ex-ante	sustainability	impact	assessment	and	agricultural	development	in	
the	development	context	
In practice there is often more focus on ex-post rather than ex-ante impact assessment at the project 
and programme level (Silvestrini 2011). Nevertheless, development initiatives focus on enhancing the 
agricultural production of smallholder farmers in developing countries. Because smallholder 
livelihoods are fragile, the impact of development initiatives needs to be assessed prior to 
implementation, with the primary goal of increasing the probability that these initiatives will improve 
the livelihoods of impoverished people in the respective project regions, as well as avoiding negative 
impacts (EIARD 2003; Schindler et al. 2016c). Ex-ante impact assessment is a process that identifies 
the future consequences of an intended action (IAIA 2009) and consequently is part of the planning 
process of intended interventions. There is a strong emphasis on the suitability and sustainability of 
planned projects and programmes, whereby assessing this requires appropriate methods. The theory 
and practice of ex-ante impact assessment are expanding. There is a large number of methods 
related to different types, including environmental, social and economic. The new approach to ex-
ante impact assessment is sustainability impact assessment, which places emphasis on delivering 
positive net sustainability gains now and in the future (Bond et al. 2012). At present, we observe a 
wide diversity of practices and methodology in the field of sustainability impact assessment (Sadok et 
al. 2008; Pope et al. 2013; de Olde et al. 2016). Pope et al. (2013) highlight that “[…] the lack of a 
consistent and agreed methodology is perceived as a strength allowing for flexibility and context-
specific approaches”. The number of methods and tools available is still continuously increasing 
(Sadok et al. 2008). Schindler et al. (2015) compared a variety of methodological approaches that 
claim to be sustainability impact assessments and are applied in agricultural development projects 
(see Annexe 1 for full paper). They range from quantitative modelling approaches over 
indicator/interview-based approaches to more participative frameworks. The methodological 
approaches vary regarding their initial point of observation and they are applied in various thematic 
agricultural sectors, focusing - for example - on poverty reduction, the sustainability of land-use 
policies or scaling-up potential of sustainable crop production. The majority of approaches make use 
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of a method mix - i.e. of qualitative as well as of quantitative analysis practices - while others only 
use qualitative data and several modelling approaches work only quantitatively. The level of 
application and spatial scale of impact interpretation strongly varies between the approaches 
(Schindler et al. 2015). The time needed for the application of the methodological procedures varies 
from several days to a few months, depending on the scale of the analysis. Moreover, the end user of 
the results varies. Some methods foresee that the results of the analysis are discussed with the 
farmers and decision-makers, who form the actual target group for finding solutions in a participative 
way. By contrast, others use the results for internal decisions concerning whether projects will be 
implemented or how they will have to be modified to reach the targeted sustainability. The time 
horizons used to project impacts into the future vary from method to method from short-term 
impacts of one season to longer-term impacts of 5-10 years (Schindler et al. 2015). Only few existing 
methodological approaches follow the holistic understanding of sustainability impact assessment, 
because only those approaches that a) equally integrate all three sustainability dimensions 
(economy, environment and social dimension), b) respect their interrelations, c) involve stakeholders 
actively at every step of the assessment process and d) focus on exchange and learning can be 
considered as a complete or holistic approach of sustainability impact assessment (Pope et al. 2004; 
Ness et al. 2007; Hacking and Guthrie 2008; Bond and Morrison-Saunders 2011; Bond et al. 2012; 
Singh et al. 2012). Given that sustainability impact assessment is context-related, it is important to 
clearly define sustainability regarding a certain subject in a geographical context (Bond et al. 2013).  
The active involvement of local stakeholders - particularly farmers - is crucial in ex-ante impact 
assessment for sustainable farming (Bond and Morrison-Saunders 2013; Bond et al. 2012). Different 
authors argue that their direct involvement is very effective for strategic decision-making purposes, 
providing an acceptance of the outcomes because the results will include their own viewpoints and 
different knowledge sources are brought together (Lang et al. 2012). Webler et al. (1995) argue that 
public participation in sustainability impact assessment is valuable: “The competence of the final 
decision is higher when local knowledge is included and when expert knowledge is publicly 
examined” and “the legitimacy of the final outcome is higher when potentially affected parties can 
state their own case before their peers and have equal chance to influence the outcomes”. 
Furthermore, other authors underline that the participatory process in sustainability impact 
assessment will increase social learning, awareness of their responsibility in the sustainable 
development of their agricultural sector and ownership of decisions taken (Coteur et al. 2016; Triste 
et al. 2014; Reed et al. 2010). Bond et al. (2013) argue that sustainability assessment has the 
potential to considerably increase the sustainability performance of planning outcomes and decision-
making. Therefore, it should be an integrated step of development initiative planning (Sadok et al. 
2008; Stoeglehner and Neugebauer 2013; Schindler et al. 2015). Nevertheless, even though the 
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theoretical discourse is quiet advanced, both implementing institutions and scientific discourse still 
have an extensive backlog demand regarding the practice of ex-ante impact assessment for 
sustainable development (Silvestrini 2011).  
1.3 Research	question	and	hypothesis	
Within the framework of this dissertation an impact assessment methodological approach was 
developed, which follows the theoretical principles of sustainability impact assessment. Following a 
review of existing frameworks, it was decided to use the Framework for Participatory Impact 
Assessment (FoPIA) and to adapt it for impact assessment at the farmer level (Schindler et al. 2015). 
The adapted FoPIA was applied with farmers to four case study sites in rural Tanzania: in Ilolo and 
Idifu in Dodoma Region and Ilakala and Changarawe in Morogoro Region. The outcomes of this ex-
ante impact assessment at the farmer level were analysed and further compared with the impact 
assessment results of an international researcher consortium. 
The thesis aims to answer the following major research question: 
Does sustainability impact assessment with farmers have an added value in agricultural 
intervention planning for improved food security? 
This research follows the hypothesis that: 
Sustainability impact assessment with smallholders supports project planning and developing 
solutions for sustainable and locally adapted agricultural development. 
1.4 Food	security	in	Tanzania	
Food security is among the most pressing challenges facing humankind. Fluctuating market 
situations, droughts as well as related plant diseases are increasing and enhancing the 
unpredictability and insecurity of regional food supply, especially in Africa (Foley et al. 2011; 
Ziervogel and Ericksen 2010). The United Republic of Tanzania ranked 151nd out of 188 countries in 
the recent UN Human Development Index (UNDP 2015) and 77th out of 104 on the 2015 Global 
Hunger Index (IFPRI 2015). The proportion of undernourished people lies at 32.1% and the 
prevalence of stunting in children under five years is 34.7% (IFPRI 2015). Food security remains a 
major challenge for this country. Poverty and malnutrition remain prominent features of Tanzania’s 
human development picture. Tanzania’s current food security situation is characterised by seasonal 
and regional food shortages. Despite significant economic and agricultural growth in Tanzania over 
the past decade, along with improvements in health, education and other infrastructure, the rates of 
household poverty and food shortage have not been substantially reduced. Access to food and the 
ability to acquire food remains a major challenge. As an example, from 2000 to 2007, the share of the 
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population living below the food poverty line - which represents the average cost of obtaining 
sufficient food to meet per person calorie needs in the poorest 50% of households - only very 
marginally decreased, from 19% in 2000/2001 to 17% in 2007 (WFP 2013). In several councils of 
Tanzania we find an unacceptable malnutrition status of children under five years old. Many 
households are expected to experience food and nutrition security conditions with very low 
resilience (Tanzania, U.R. 2012). Agriculture is central in the battle against hunger, although the poor 
performance of the sector - particularly in food production - is the main hurdle. There is an urgent 
and continuous need for suitable and sustainable food system enhancement (Chemonics 
International Inc. 2010; Hawkes and Ruel 2011; Tanzania, U.R. 2011; Tanzania, U.R. 2012).  
1.5 Study	area	description
1
		
According to the National Household Budget Survey (2007), most Tanzanians depend on agriculture 
for their livelihoods. The sale of food crops provides the main source of income for 40% of 
households. At the same time, rural households in Tanzania spend approximately 66% of their 
income on food. The majority of poor people live in rural Tanzania, with approximately 83% of 
individuals living below the basic needs poverty line, defined as the costs of meeting the minimum 
adult calorific requirement with a food consumption pattern typical of the poorest 50% of the 
Tanzanian population, inflated by the non-food share of expenditure of the poorest 25% (NBS 2011). 
Simultaneously, the smallholder agricultural sector provides 95% of the national food requirements.  
In this study, we collected data from four villages located in two different climatic regions of 
Tanzania, namely semi-arid Dodoma and semi-humid Morogoro (Figure 1). The two regions 
represent the majority of farming systems in Tanzania (USAID 2008). The Dodoma Region is 
particularly sensitive to food insecurity, whereas Morogoro has both food-insecure and food-secure 
areas. Morogoro is better-off compared with Dodoma in terms of education. In Morogoro, 18% of 
men and 24% of women have never had access to education, whereas in Dodoma 33% of males and 
40% of females have no education (URT 2011). Dodoma has the highest rate of stunted under-fives 
(approximately 80%) among all regions in Tanzania. The level of child stunting in Morogoro is of 
approximately 60% (URT 2011). Both regions have a low population density, with fewer than 50 
people per square kilometre. The average household size in Morogoro is 4.3 people and in Dodoma it 
is 4.6 persons per family (NBS 2014). Dodoma is characterised by a higher level of outmigration 
compared with Morogoro (URT 2006).  
The villages of Ilakala and Changarawe are located in the semi-humid (600-800 mm) Morogoro 
Region. The Morogoro Region is characterised by flat plains, highlands and dry alluvial valleys with 
                                                          
1
 A detailed case study description can be found in Schindler et al. (2016b) – 1
st
 paper of this dissertation 
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mainly loamy soils. Short-term rains start in October and last until December, while long-term rainfall 
starts in February and continues into May. Agriculture is the main economic activity and most people 
engage in farming of both subsistence and cash crops, partly with livestock. The cropping systems are 
primarily based upon maize, sorghum, legumes, rice and horticulture. Sesame and sunflower are 
major cash crops grown by smallholder farmers. Farmers mainly use animal power for tillage, 
although tractors are also used by a very few farmers. There is a lack of transformation and value-
adding infrastructure, such as oil milling machines. The village of Changarawe has relatively good 
market access and is relatively better-off in terms of food availability, whereas Ilakala has relatively 
poor market access and exceedingly severe problems of food security.  
The other two case study site villages - Ilolo and Idifu - are situated in the semi-arid Dodoma Region, 
located on the central plateau of Tanzania. The landscape is characterised by flat plains and only 
small hills. Rainfall (350-500 mm) is unreliable. The soils are mainly reddish-brown loamy sands. The 
food system is primarily based upon sorghum and millet, with a long history of livestock husbandry 
(Mnenwa and Maliti 2010). Crop production and livestock - particularly cattle - constitute the 
mainstay of the economy in terms of providing income, employment and ensuring adequate food 
supplies. The farmers also grow sunflower and sesame as cash crops. Farmers mainly use animal 
power for tillage and hand hoes for field preparation. Ilolo is relatively better positioned in terms of 
market access compared to Idifu. 
 
Figure 1: Map of Tanzania with indicated project areas (Source: Schaefer and Dietrich (2015)) 
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2 Theoretical	background	
2.1 History	of	impact	assessment		
Since 1995, six core practice areas of impact assessment have emerged: environmental impact 
assessment, strategic environmental assessment, policy assessment, social impact assessment, 
health impact assessment and sustainability assessment (Bond and Pope 2012). 
2.1.1 Environmental impact assessment 
The first type of impact assessment was environmental impact assessment. The first formal 
assessment system for environmental impacts was developed within the framework of the US 
National Environmental Policy Act in 1970. This legislation act was implemented as a political 
response to the changing scale and nature of industrial development after World War II, with 
growing public dissatisfaction about the environmental consequences of economic development and 
the failure of existing decision tools (Cashmore 2004). Environmental impact assessment is nowadays 
widely applied: 191 countries either have national legislation or have signed some form of 
international legal instrument that refers to the use of environmental impact assessment to identify 
and evaluate environmental consequences of planned development actions, whereby it is firmly 
embedded in domestic and international law (Morgan 2012). Environmental impact assessment is 
majorly applied for project-level assessments (Morgan 2012) and it is a well-recognised instrument in 
environmental management being applied for decision-making  in several contexts, including 
international development and trade policy (Cashmore et al. 2009).  
A number of specific forms of impact assessment have been developed since the 1970s, mainly 
induced by dissatisfaction with the environmental impact assessment practised during that time. 
Shortcomings were mentioned, such as its strong biophysical focus and neglect of social issues 
(Morgan 2012). Environmental impact assessment is primarily concerned with how a proposed 
development should take place to minimise negative environmental - particularly biophysical - 
impacts.  
2.1.2 Strategic environmental assessment 
Strategic environmental assessment is applied to identify and evaluate the potential impacts of 
policies, plans and programmes (Fundingsland Tetlow and Hanusch 2012). It was developed in the 
1990s and is rooted in environmental impact assessment. Strategic environmental assessment 
focuses on the choices of alternative developments during the earlier stages of decision-making 
whereby environmental and sustainability considerations are taken into account during the early 
stages of decision-making (Fundingsland Tetlow and Hanusch 2012). Strategic environmental 
assessment respects the issue that an institutional planning framework and the programmes and 
plans in question are influenced by environmental, social, economic, cultural and political aspects. 
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Strategic environmental assessment gives the decision-maker a holistic understanding of 
environmental and social implications of a proposed policy to move policy towards sustainable 
outcomes (Brown and Therivel 2000).  
2.1.3 Policy assessment 
Furthermore, policy assessment aims to inform decision-makers about the possible impacts of 
proposed policies before they are agreed and implemented, whereby it is purely “ex-ante” (Adelle 
and Weiland 2012). Policy assessment evolved due to the criticism of strategic environmental 
assessment focusing too much on a project and programme appraisal and not starting sufficiently 
early in the policy cycle (Owens et al. 2004). Some OECD countries started using policy assessment in 
the 1990s: by 2008, all 31 OECD countries applied it or were in the process of adopting it (Adelle and 
Weiland 2012). Many policy assessment systems focusing on assessing the economic and 
administrative impacts of policies were later revised to consider a wider range of impacts. The EU 
uses one of the most advanced policy assessment approaches, integrating social, environmental and 
economic impacts. There is enormous variation in terms of how to conduct policy assessment (de 
Ridder et al. 2007; Adelle and Weiland 2012).  
2.1.4 Social impact assessment 
Social impact assessment focuses on social impacts and social issues caused by interventions. It has 
been applied since the 1970s along with environmental impact assessment and as a requirement set 
by the National Environmental Policy Act (NEPA) of the USA. Communities are involved in a 
participatory process to identify impacts, holding discussions on desired futures and having 
negotiations and agreements on the possible impacts and benefits. Social impact assessment helps 
to gain a better insight into the community’s interests, needs and concerns (Esteves et al. 2012). It 
goes beyond preventing or mitigating of negative impacts and also includes issues such as building 
social capital, knowledge capacity building, good governance, community engagement and social 
inclusion (Vanclay 2006). Practitioners work with concerned communities to achieve better 
outcomes for them. Social impact assessment is internationally practised in advance of project 
interventions and thus is included as part of the environmental impact assessment. Social impact 
assessment is not only used ex-ante, but also as an ongoing process of management and 
implementation to proactively respond to impacts during implementation. Social impact assessment 
experts consider this type of assessment as an interdisciplinary and/or transdisciplinary social 
science, integrating “[…] social science that incorporates many fields including sociology, 
anthropology, demography, development studies, gender studies, social and cultural geography, 
economics, political science and human rights, community and environmental psychology, social 
research methods and environmental law, among others” (Esteves et al. 2012).  
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2.1.5 Health impact assessment 
Health impact assessment has matured over the past two decades, aiming to protect and promote 
public health. Unlike other impact assessments, health impact assessments evolution is not rooted 
solely in environmental impact assessment, but is mainly derived mainly from the “[…] public health 
professional movements that have emphasized its potential role in promoting action for health at a 
policy level and as a measure for redressing and promoting more equitable health impacts (Harris-
Roxas et al. 2012)”. At present, most voluntary health impact assessments are undertaken by the 
public sector, although the private sector is also increasingly adopting health impact assessment, 
stimulated by industry best practice standards and internal organisational standards. Harris-Roxas et 
al. (2012) emphasise the need for an international consensus on procedures, governing values and 
standards that apply to health impact assessment use.  
2.1.6 Sustainability impact assessment 
One of the most recent approaches is sustainability impact assessment, which was also used in this 
thesis. It supports decision-making and strategic planning towards sustainable development in a 
given context (Tscherning et al. 2008; OECD 2010). Sustainability impact assessment is the only type 
of impact assessment that considers and integrates the three pillars of sustainable development 
equally (Pope et al. 2004; Bond et al. 2012; OECD 2010). It is primarily defined as a process that 
steers decision-making and strategic planning towards sustainability, as well as ensuring net 
sustainability gains in the present and future (Ness et al. 2007; Hacking and Guthrie 2008; Bond and 
Morrison-Saunders 2011; Bond et al. 2012; Singh et al. 2012; OECD 2010). Sustainability impact 
assessment not only considers environmental, social and economic implications, but also analyses 
the interrelations between the three pillars (Pope et al. 2004). It is becoming common as a decision-
making procedure with the goal of anticipating the sustainability of policies, plans, projects, 
programmes or activities prior to implementation (Pope et al. 2004; Hacking and Guthrie 2008; Bond 
and Morrison-Saunders 2011; Bond et al. 2012). Gibson (2013) and Bond et al. (2012) outline some 
imperative criteria of sustainability impact assessment: the development initiative must have a 
positive contribution to a sustainable future, all key factors that affect a sustainable future as well as 
their interlinkages are considered, the interdependence of ecology, economy and society is 
respected, induced trade-offs between different sustainability dimensions are highlighted and they 
are discussed in an open, participative and accountable manner with the aim of being minimised, the 
local context is respected, effective criteria regarding the people and context concerned are used, 
participation at all levels from government to society is emphasised, and it engenders learning 
throughout. The diversity of methodological approaches is seen as a strength that acknowledges 
pluralism (Bond et al. 2012). 
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2.2 Impact	assessment	theory	
Several impact assessment types and many impact assessment studies have been published. Kørnøv 
(2015) reviewed over 500 impact assessment studies published between 1999 and 2014 drawing the 
overall conclusion that the majority of impact assessments contain empirical research that is 
relatively disconnected or fails to mention the theory to which it is related. There is strong potential 
for advancing the use of theory in impact assessment research. Gaining a deeper insight into the 
impact assessment theory applied would help researchers to better grasp the complexity involved in 
impact assessment practice. Kørnøv (2015) emphasises the need for a more coherent theory building 
in impact assessment to strengthen our understanding of barriers and facilitators to effectiveness 
and inform the design of interventions to improve impact assessment in practice. The need for a 
more coherent theory building and evolving the impact assessment research agenda has also been 
raised by several authors (Cashmore 2004; Wallington et al. 2007; Pope et al. 2013). Pope et al. 
(2013) argue that although the fundamentals of impact assessment have their roots in environmental 
impact assessment, “[…] each branch of the field is distinct in also drawing on other theoretical and 
conceptual bases that in turn shape the prevailing discourse in each case, generating increasing 
degrees of specialization within each sub-field”. Learning theory (Kørnøv 2015), planning theory (D. 
P. Lawrence 2000; Morgan 2012; Richardson 2005; Fundingsland Tetlow and Hanusch 2012), policy 
theory (Kornov and Thissen 2000), decision theory (Kornov and Thissen 2000) and theories of power 
(Cashmore et al. 2010; Hansen et al. 2013) are mentioned as relevant theories that impact 
assessment builds upon.  
In the following, “planning theory” and “social learning theory” are presented in further detail. 
Insights into the link between these two theories and sustainability impact assessments are given. 
The contemporary planning theory: “communicative planning” as well as recent developments in the 
field of “social learning theory” characterise the methodological sustainability impact assessment 
approach as applied in this study.  
2.2.1 Social learning theory 
The social learning theory was developed by Bandura (1971, 1977). He studied how individuals’ 
behaviour depends on social interaction. He claims that people learn through observing others’ 
behaviours, actions and reactions, as well as their outcomes. Hence, he focused on individual 
learning and argued that it takes place in a certain social environment, influenced by norms and role 
models. His theory building followed a purely psychological approach. Habermas (1984) developed a 
more sociological approach, describing social change as a process of social learning. He argues that 
learning may occur during a “[…] genuine exchange of ideas and arguments during which ideas and 
perceptions change through persuasion” (Reed et al. 2010). 
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Furthermore, Lave and Wenger (1991) describe social interaction as an important component of 
learning, whereby learners not only internalise knowledge at the individual level but also become 
involved in a community of practice. Hence, learning is situated and embedded within activity, 
context and culture and it occurs during the process of co-participation rather than in the heads of 
individuals. It is “recognized as a social phenomenon constituted in the experienced, lived-in world. 
Wenger (2000) highlights that learning “[…] is an interplay between social competence and personal 
experience. It is a dynamic, two way relationship between people and the social learning systems in 
which they participate”. 
Today, social learning is discussed in the context of public involvement, as an interactive approach 
towards decision-making and problem-solving and a process of collective and communicative 
learning that is thought to lead to a shared understanding of the situation, leading to mutual 
agreement within the considered community (Figure 2).  
Tippett et al. (2005) argue that only a learning approach that results in enhancing a group’s ability to 
change its underlying dynamics and assumptions can be considered as social learning. Encouraging 
social learning implies an emphasis on the process of involving different stakeholders in developing 
solutions and making decisions, whereby it should not only be the experts who develop solutions.  
Theories of social learning are useful to build the design of collaborative processes (Muro and Jeffrey 
2006). Pretty (1995) notes that there was a significant rise in participatory learning in the context of 
agriculture development during the 1980s and 1990s. Social learning has been highlighted to support 
participative planning (Pahl-Wostl 2002; Pahl-Wostl and Hare 2004) and impact assessment (Webler 
et al. 1995; Saarikoski 2000). Social learning is often cited in connection with sustainable 
development (Muro and Jeffrey 2006). Already in the late-1980s, Milbrath (1989) linked the term 
social learning to sustainable development, using the expression “self-educating community” to 
describe situations in which people learn from each other and nature. 
Webler et al. (1995) described the components of social learning on both individual and community 
level by considering personal interests and common interests, coming together to reach agreement 
on collective action to solve a mutual problem.  
Webler et al. (1995) describe criteria that serve as precondition for effective social learning. Besides 
cognitive enhancement and moral development, these also include criteria for fairness and 
competence. Cognitive enhancement is the acquisition of knowledge, including learning about the 
state of a problem, learning about solutions and consequences, learning about other peoples and the 
community’s interests and values, learning about one’s own personal interests, as well as learning 
about methods, tools and strategies to communicate and find solutions. On the other hand, moral 
development demands setting aside individual interests and acting for the good of the community, 
enhancing peoples capacity to judge what is right or wrong, including taking over responsibility for 
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the community, being able to understand the other’s perspective, developing skills for moral 
reasoning and problem-solving, developing a sense of solidarity, learning how to integrate new 
cognitive knowledge into the decision-making and learning how to cooperate with others in solving 
collective problems. The criteria for fairness and competence include the notion that everyone has a 
chance to participate in the process, supporting an atmosphere that encourages all participants to 
give their opinion, discuss openly and have an organised exchange with experts (Webler et al. 1995). 
Webler et al. (1995) complement the notion that social learning happens when the group transforms 
from a collection of individuals pursuing their private interests to a ‘community’ that defines a 
common purpose and is oriented towards shared interests.  
Reed et al. (2010), Tippett et al. (2005) and Bull et al. (2008) also find evidence that participatory 
processes might facilitate social learning. However, they also emphasise that participation does not 
necessarily imply that social learning takes place, outlining that “social learning is not an automatic 
outcome of a participatory process”.  
Tippett et al. (2005) lists key factors supporting social learning, such as: 
 
- The interaction of different people with different viewpoints 
- Learning from and with people, given that everybody has a different perception and 
experience of a certain issue, whereby differences need to be distinguished and discussed 
- Exploration of potential and existing conflicts and the underlying reasons  
- Active involvement of the stakeholders, based upon the notion that everybody needs to have 
the space to contribute their opinion  
- The possibility to participate, because the feeling of exclusion creates conflicts, meaning that 
the decision on who participates needs to be transparent  
- Real participation in the outcomes and the solutions/decision 
- Methodological approaches need to be context-specific, considering the environmental, 
institutional and socio-economic context 
- Effective participation can only take place in an environment of trust, transparency, respect 
and openness 
- Skills/competency in moderation and mediation of the process, devoting full attention to the 
cultural and institutional context, integrating everybody actively in the process and building 
trust, managing conflict and institutional rivalries and encouraging the development of 
mutually-beneficial solutions 
- Provision of sufficient time, given that time pressure may make the participants feel that 
they are not involved in decision making in a meaningful way  
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- Use of different types and communication tools, attempting to find different ways to 
represent technical information, making the process more accessible to a wide range of 
stakeholders, allowing participants to actively bring in their own knowledge 
If these key factors are not respected, they are simultaneously potential barriers to social learning.  
Johnson and Wilson (2000) also mention a further barrier, namely that deeper power relations are 
subject to manipulation and dependency and are often not visible, whereby the less powerful in the 
community are often supressed. Therefore, a very sensitive moderator and a careful selection 
process of participants are critical to minimise this particular risk.  
Learning is highly critical for sustainability impact assessment and according to Bond et al. (2012) it 
will occur through social learning. Sustainability impact assessment emphasises the implication of 
different level stakeholders (Gibson 2013; Bond et al. 2012; OECD 2010) in the assessment of 
solutions and in multi-level decision-making (Pope et al. 2004; Hacking and Guthrie 2008; Bond and 
Morrison-Saunders 2011; Bond et al. 2012). Webler et al. (1995) argued that participatory 
approaches in impact assessment supporting social learning processes need to aim to lead from 
uncoordinated individual actions to collective actions that reflect collective needs and 
understandings. Several authors argue that the social learning process in ex-ante impact assessment 
supports participative planning (Pahl-Wostl 2002; Pahl-Wostl and Hare 2004; Webler et al. 1995; 
Saarikoski 2000). 
 
Figure 2: Model Social Learning (Source: adapted from Muro and Jeffrey (2006)) 
2.2.2 Planning theory  
Ex-ante impact assessment is a part of planning and project/programme appraisal (Figure 3). It 
occurs prior to the start of an intervention (Maredia 2009; Schindler et al. 2016a). The use of 
systematic tools of impact assessment during planning dates from the 1950s with multilateral and 
bilateral donors. Development agencies began to use ex-ante impact assessment such as 
environmental impact assessment or social impact assessment to predict a project’s likely 
consequences as a condition to approve, adjust or reject the project funding (Maredia 2009).  
Given that ex-ante impact assessment is part of planning, the development of planning theory also 
indicates the tremendous development in impact assessment during the past 50 years (D. P. 
Lawrence 2000). 
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Figure 3: Impact assessment in a project life cycle (Source: adapted from Maredia (2009)) 
2.2.2.1 Rational planning 
The early planning theory in the 1960s and 1970s was dominated by “rationalism”. According to the 
Oxford dictionary, rationalism is defined as “the practice or principle of basing opinions and actions 
on reason and knowledge rather than on religious belief or emotional response”. Rational planning 
theory describes an idealised comprehensive planning model, which predetermines development 
and is mainly dictated by technical experts and researchers. The planning process is logical, 
consistent and systematic. It follows a top-down approach and aims to develop a clear basis for 
decision-making (D. P. Lawrence 2000). The form of environmental impact assessment that emerged 
in the 1970s was clearly influenced by this planning model of rationalism (Morgan 2012). 
Fundingsland Tetlow and Hanusch (2012) emphasise that the beginnings of environmental impact 
assessment were initially dominated by the implicit assumption that a defined objective and simply 
quantifiable evidence on the environmental effects would lead to better decision-making. 
Quantitative techniques of data collection were emphasised (Bartlett and Kurian 1999). In fact, 
Duinker (1987) cited in Bartlett and Kurian (1999) even argued that in forecasting environmental 
impacts it is better to use quantitative and incorrect data than qualitative and unstable information 
that might be gathered in a qualitative participatory process. Already in the 1960s, rationalism 
attracted the criticism that researchers and technical experts dominated the process, the integration 
of the population or wider public is neglected and non-scientific knowledge is not considered, 
decision-making and dialogue are not part of rational planning, it fails to integrate the features of the 
context and the existing resource and cognitive limits, and it fails to develop possible alternative 
solutions by recognising the value-based nature of decision-making (Richardson 2005; D. P. Lawrence 
2000). Rational planning is characterised as having a strong technical emphasis, whereby planners 
and technical professionals deliver information and define solutions as a basis of choice for the 
decision-makers (Morgan 2012). Based upon the criticism on rationalism, planning theory was 
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further developed. During the 1980s and 1990s, alternative concepts in planning theory were 
identified and debated (Healey 1993) such as communicative planning theory. 
2.2.2.2 Communicative planning theory 
“Communicative planning” is one of the most recent planning theories. Sustainability impact 
assessment is strongly related to this theory and its core principles correspond with the basic values 
of this type of impact assessment. Communicative planning is a reaction to rational planning and 
strongly criticises if planning is only undertaken by a planner without recognising the context and 
different stakeholders in the planning process. Its outline began to emerge during the 1980s. The 
new planning direction of communicative planning characterises planning as an interactive process in 
a complex and unique context. The interaction of stakeholders creates a mutual understanding, is 
respectful, values and acknowledges the experience, understandings and knowledge of the different 
involved communities and aims at a mutual reconstruction of what constitutes the interests of the 
various participants (D. P. Lawrence 2000). The process has the potential to change, transforming 
material conditions and power relations through the continuous effort to create a common 
understanding among participants. This communicative process is the basis for the planner to build 
upon the information that everybody contributes (Healey 1993). It emphasises communications and 
interactions as a critical element of planning and focuses on consensus building via argumentation, 
discussion and negotiation (Healey 1993; D. P. Lawrence 2000). The promotion of communicative 
approaches to planning demands actively including stakeholders and communities in the process. 
Different stakeholders can bring in their experiences, stories and ideas. Planners are considered as 
facilitators of this communication process. The professional technocrats move from a controlling role 
to a facilitating role in the decision-making process (Wilkins 2003; Elling 2009). They need to have the 
mediation capacity to solve problems and lead towards consensus-building. D. P. Lawrence (2000) 
emphasises that communicative planning may contribute to transparent decision-making, creative 
problem-solving and a greater likelihood of public agreement, acceptance and support. 
Sustainability impact assessment is strongly influenced by communicative planning theory. Here it is 
recognised that decision-making is influenced by a variety of different factors, including 
environmental, social, economic, cultural and political issues, while the context needs to be 
understood in the decision-making process (Fundingsland Tetlow and Hanusch 2012). Morgan (2012) 
and Richardson (2005) also emphasise the need for communicative planning and mutual 
understanding in impact assessment, while highlighting that potential conflicts and power relations 
are present throughout impact assessment. Impact assessment practitioners should be aware of and 
sensitive to the power relations found in decision-making processes that can hinder effective 
participation and exacerbate injustice.  
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2.3 Sustainability	impact	assessment:	from	disciplinary	to	transdisciplinary	
research	
2.3.1 Disciplinary research 
Disciplinary research provides scientists with frames of references, methodological approaches and 
topics of study, theoretical discourses and technologies. However, disciplinary research can hardly 
grasp the complexity and interlinkages of human, nature and biophysical systems. R. J. Lawrence and 
Després (2004) call disciplinary research a “[…] narrow vision of so-called experts who do not address 
fundamental issues but only topics isolated from their societal context.” One single discipline cannot 
provide solutions for complex problem-solving. With the consciousness of these limitations of simple 
disciplinary research, the last decade has been characterised by the intention to integrate the 
knowledge and competency of different disciplines, “[…] thus breaking down the methodological, 
epistemological and ontological boundaries that prevent shared understanding of complex issues 
(Stock and Burton 2011)”. Disciplinary research often fails particularly regarding sustainability issues, 
where economic, ecological and sociological challenges have to be approached simultaneously 
(Vandermeulen and Van Huylenbroeck 2008). The search for sustainable solutions inherently 
integrates different disciplines and forces research to bridge the natural and social sciences (Jerneck 
et al. 2011; Luks and Siebenhüner 2007). In the following the different levels of integrative research 
are presented: 
2.3.2 Multidisciplinary research 
In multidisciplinary research, different disciplines are represented. In literature, it is described as the 
least integrative from the integrated research (Stock and Burton 2011). Researchers come together 
sharing knowledge and comparing results from their disciplinary studies in a particular context. Each 
discipline works in a self-contained manner and a problem is approached from the different angles of 
different disciplines (R. J. Lawrence and Després 2004). Nonetheless, there is no crosscutting 
interlinkage to generate new integrative knowledge (Tress et al. 2005). Stock and Burton (2011) 
argue that there is a “[…] lack of iterative research, a failure to cross disciplinary boundaries, the lack 
of integration in the research process, and a failure to engage non-academic stakeholders as 
participants in the research”.  
2.3.3 Interdisciplinary research 
Interdisciplinary is already more integrative than multidisciplinary research. It is problem-oriented, 
focuses on complex problems and forces the involved researchers from the different disciplines to 
leave their “box” and try to create new knowledge (Stock and Burton 2011). There is a strong 
attempt to bridge the different disciplinary positions (Petts et al. 2008) and integrate natural and 
social scientists’ knowledge as standard practice and provide a systematic outcome (R. J. Lawrence 
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and Després 2004). Nevertheless, this approach also focuses also on scientific solutions without 
integrating different stakeholders and non-scientists. 
2.3.4 Transdisciplinary research 
Transdisciplinary is the most integrative research approach. It aims to develop a holistic approach 
towards problem-solving, involving different stakeholders and scientists in a joint project. The 
objective is to integrate and synthesise knowledge in such a way to address very complex real-world 
problems (Stock and Burton 2011). R. J. Lawrence and Després (2004) describe it as an approach 
focusing on the organisation of knowledge around complex issues and problems rather than the 
disciplines and subjects into which knowledge is commonly organised. Transdisciplinary research not 
only integrates academic research knowledge but also actively involves non-academic participants - 
such as farmers in agricultural research - in a participatory manner. Mobjörk (2010) distinguishes 
between “participatory transdisciplinary” and “consulting transdisciplinary”. “Consulting” here 
means that local stakeholders are involved by responding scientists’ questions, although they are not 
actively incorporated in the knowledge production process, while “participatory” transdisciplinary 
integrates the knowledge of non-scientists and researchers and triggers a mutual learning process. It 
requires that the participating researchers “overcome one’s disciplinary chauvinism” and open up 
their mind, being willing and open not only to other disciplines but also to alternative ways of 
thinking (Kumar Giri 2002) and creating joint understanding. Wiek (2007) emphasises that mutual 
learning is a prerequisite of transdisciplinary research. “For collaborative research, not only 
information must be exchanged but knowledge must also be generated in a cooperative manner”. 
Transdisciplinary research tries to understand and take into account the local contexts (Thompson 
Klein 2004). “One of its aims is to understand the actual world and to bridge the gap between 
knowledge derived from research and decision-making processes in society” (Ramadier 2004). We 
conclude that sustainability research - the context in which most of the work presented was 
undertaken - is inherently transdisciplinary research. The adapted FoPIA is a methodological 
approach that supports transdisciplinary research. 
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3 Project	design	and	implementation	
3.1 Research	project		
This study is integrated into the Trans-SEC “Innovating Strategies to safeguard Food Security using 
Technology and Knowledge Transfer: A people-centred Approach” research project, a five-year 
research project funded by the German Federal Ministry of Education and Research (BMBF), which 
started in May 2013. The project aims to identify successful agricultural upgrading strategies along 
local and regional food value chains to improve the food situation of smallholder farmers in four 
villages in Dodoma and Morogoro Regions, Tanzania. Those upgrading strategies are tested and 
adjusted via a participatory approach to be site-specific and sustainable. Potential upgrading 
strategies are disseminated for regional and national upscaling. The following procedural steps are 
followed in this project (Sieber and Graef 2013): 
1. A stakeholder involvement process from the beginning, as an integral part of most analytical 
steps 
2. Case study sites within the focal regions Morogoro and Dodoma are selected, set up and 
typologies of food value chains are developed 
3. Upgrading strategies of good practice along the food value chains are screened and 
inventoried 
4. An integrated in-depth analyses of food value chain components, their costs, benefits and 
impacts is carried out 
5. A few of the most promising upgrading strategies regarding positive impacts and 
implementation are discussed and identified in a participative way for subsequent in-depth 
testing 
6. An in-depth participative field testing and/or analysis of selected, most promising 
technologies are conducted for all food value chain components and requirements for their 
implementation are identified 
7. The transferability and implementation capability are assessed for different scenarios and 
future condition simulations (model analysis) 
8. A meta-model analysis including risk analysis and final climate proofing is used to identify hot 
spots of most sensitive, fragile regions and the potentials for alleviating food insecurity 
This participatory ex-ante impact assessment approach with farmers applied during the final stage of 
the planning phase of agricultural upgrading strategies before their implementation was part of step 
5 and is a component of work package 8 “Integration and dissemination”, having the primary 
objective of acting as an integrating platform for the entire project and ensuring the effectiveness, 
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positive impact and usability of the products developed among Trans-SEC partners and the 
stakeholders.  
3.2 Framework	for	participatory	impact	assessment	(FoPIA)	
Sustainability is context-related. In particular, the active participation of farmers is crucial in the 
sustainability assessment for food security. Therefore, sustainability impact assessment should 
provide sufficient space and time with stakeholder groups to understand the local context and 
elaborate indicators that fully represent the analysed food system. A framework used under the label 
of “sustainability impact assessment” must have a positive contribution to a sustainable future. The 
interlinkages and interdependence of ecology, economy and society need to be respected, trade-offs 
analysed and minimised and embedded learning of the stakeholders encouraged. In this research a 
transdisciplinary research approach was applied. We integrated both researchers’ and “non-
academic” farmers’ expert knowledge to identify positively and negatively assumed impacts that may 
result from the implementation of agricultural upgrading strategies. The sustainability impact 
assessment approach of agricultural upgrading strategies with the farmers is based upon the 
Framework for Participatory Impact Assessment (FoPIA) (Morris et al. 2011; König et al. 2010; König 
et al. 2012; König et al. 2013).  
FoPIA was applied after methodological adaptations (Schindler et al. 2016b; Schindler et al. 2016c) 
during the last part of the planning phase prior to the implementation of agricultural upgrading 
strategies. The aim of the application of FoPIA was to systematically incorporate farmers’ knowledge 
into the knowledge generation process and identify the positive and negative assumed impacts of 
proposed upgrading strategies to modify and adapt them - if necessary – prior to their 
implementation. Detailed information on the procedural steps of the adapted FoPIA is provided in 
the results sections: 4.1 Developing community-based food security criteria in rural Tanzania (Paper 
1) and 4.2 Sustainability impact assessment to improve food security of smallholders in Tanzania 
(Paper 2). Nevertheless, in the following a brief introduction to FoPIA is provided. 
As first described by Morris et al. (2011), the FoPIA was originally designed to complement 
quantitative computer-based sustainability impact assessment tools in the European context with a 
qualitative participatory approach (Helming et al. 2011) . At the same time, König et al. (2010) 
adapted FoPIA to be applicable in the context of developing countries (König et al. 2012; 
Purushothaman et al. 2012; König et al. 2013). The FoPIA provides a general assessment framework 
with a sequence of methods for conducting sustainability impact assessment in different regional 
contexts (Morris et al. 2011). However, it has mainly been applied to assess alternative land-use 
policies at the policy-maker level in different regional contexts (König et al. 2013). Within this thesis, 
FoPIA was further developed to be applicable at the community level to adapt food security 
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strategies to the local conditions and needs. Within this thesis, the impact assessment is considered a 
component of the planning phase of programmes and projects. It helps to analyse the main 
challenges of interventions, providing the opportunity to select, adapt and modify measures 
(Silvestrini 2011; Schindler et al. 2016b).  
The modified FoPIA comprises two main parts: 1) an analysis of the food security contexts and 2) ex-
ante impact assessment of local food security upgrading strategies. The following methodological 
steps are a series of successive participatory stakeholder workshops. 
Within part 1), the food security context is identified with the farmers. The farmers define their 
understanding of food security in their local environment. Subsequently, they discuss the different 
food security class levels in the village and define their characteristics. The farmers are asked about 
challenges that influence the local food situation, which are translated into food security criteria. The 
farmers individually score the importance of each criterion for their food security.  
Within part 2) of the FoPIA, the upgrading strategies are presented to the farmers by researchers. In 
a following participatory analysis, the farmers elaborate the strengths and weaknesses of these 
agricultural upgrading strategies in small groups. Based upon these workshops, the farmers chose 
their preferred upgrading strategies for implementation in their village. An impact assessment 
follows, with the farmers ranking the assumed impacts of these particular upgrading strategies on 
each of the food security criteria. In a final presentation, all of the results are discussed with village 
elders and authorities. The stakeholders are asked for the feedback and add-on activities necessary 
for the successful implementation of these upgrading strategies. Finally, the plan of timing and 
distribution of responsibilities for the implementation of upgrading strategies are shared.  
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4 Results	
4.1 1st	Paper:	Developing	community-based	food	security	criteria	in	rural	
Tanzania	
 
Schindler, J., Graef, F., König, H. J., & Mchau, D. (2016). Developing community-based food 
security criteria in rural Tanzania. Food Security, 1-14, doi:10.1007/s12571-016-0627-1. 
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4.2 2nd	Paper:	Sustainability	impact	assessment	to	improve	food	security	of	
smallholders	in	Tanzania	
 
Schindler, J., Graef, F., König, H. J., Mchau, D., Saidia, P., & Sieber, S. (2016). Sustainability 
impact assessment to improve food security of smallholders in Tanzania. Environmental 
Impact Assessment Review, 60, 52-63, doi:10.1016/j.eiar.2016.04.006. 
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4.3 3rd	Paper:	Participatory	impact	assessment:	Bridging	the	gap	between	
scientists’	theory	and	farmers’	practice	
 
Schindler, J., Graef, F., & König, H. J. (2016). Participatory impact assessment: Bridging the gap 
between scientists' theory and farmers' practice. Agricultural Systems, 148, 38-43, 
doi:http://dx.doi.org/10.1016/j.agsy.2016.07.002. 
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5 Overall	conclusion		
The results of applying the transdisciplinary impact assessment approach FoPIA were presented for 
four different case study villages in rural Tanzania. The results show the benefit of the active 
involvement of local stakeholders during impact assessment. By applying this approach, locally-
relevant food security criteria were elaborated in a constructive and interactive way. These criteria 
cover the three dimensions of sustainability (economic, environmental, social), while simultaneously 
representing the four food security dimensions (availability, access, utilization, stability), showing 
that rural communities think holistically and consider multiple criteria and dimensions related to 
food security. The farmers identified positive and negative sustainability impacts of the upgrading 
strategies on those food security criteria. The adapted FoPIA enabled a quick and transparent 
identification of trade-offs between the chosen upgrading strategies and priority food security 
criteria at the four case study sites. Furthermore, it supported anticipating possible impacts and 
facilitated insights into the socio-environmental context of a local community. The results of the 
sustainability impact assessments were considered valuable for adapting intended development 
interventions to the locality and reducing the assessed potential negative impacts. This research 
showed that impact assessment results cannot simply be transferred from one locality to another, 
even if the distance between the case study sites is very minimal, given that each locality has its own 
characteristics and particularities.  
The interlinkage of local stakeholders’ knowledge and scientific knowledge provides a more 
comprehensive understanding of complex and dynamic systems and processes and produces more 
relevant and effective practices. As shown in this thesis, farmers and scientists have considerably 
different views on the positive and negative impacts of proposed agricultural interventions 
(upgrading strategies). While scientists mostly focused on direct causal impact chains, the farmers 
considered indirect linkages that take into account their complex livelihoods. Furthermore, the 
adapted FoPIA was found to be a social learning tool that can initiate structured thinking and 
knowledge exchange among participating farmer groups as well as between researchers and farmers. 
This research showed that sustainability impact assessment is a critical step prior to project 
implementations, enabling adapting upgrading strategies to the local context and providing real 
benefits to local communities. 
5.1 Research	results	and	their	relation	to	the	theoretical	context	
5.1.1 FoPIA and social learning theory 
The adapted FoPIA approach used allowed for social interaction, which is supposed to be a key 
aspect of social learning theory. FoPIA supported the interaction of and learning from different 
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people with different viewpoints. The application of strict selection criteria facilitated a diverse 
composition of farmer groups in terms of knowledge, experiences and backgrounds. The farmers 
who participated during the workshops provided the feedback that they learnt many new aspects 
during this intensive assessment session. Additionally, the involved scientists mentioned that several 
farmers’ perceptions were unknown to them, which again supports the importance of knowledge co-
generation (Chambers 2012). The approach also allowed identifying different priorities of different 
stakeholder groups within a community, such as differences between male and female farmers’ 
scorings across the two regions. Hence, through such a participatory process with active community 
involvement stakeholder- and locally-specific information can be gathered (Chambers 2012, 1994; 
Agol et al. 2014).  
Webler et al. (1995) also described criteria that serve as precondition for effective social learning. 
Besides cognitive enhancement, these also include moral development and the notion that the 
process should be led by a sense of fairness and competence. Cognitive enhancement - the 
acquisition of knowledge - was definitely triggered during the process. Fairness and competence was 
also a major focus during the impact assessment. The moderator encouraged all farmers in the 
workshop to participate and the secret rating part allowed all participants to give their own opinion 
without being influenced by dominant characters. The aspect and level of moral development cannot 
be sufficiently analysed. As defined by Webler et al. (1995), moral development demands setting 
aside the individual interests and acting for the good of the community, leading from uncoordinated 
individual actions to collective actions that reflect collective needs and understandings. Within this 
research, the moderator of the workshops emphasised the selection of criteria and the impact 
assessments from a community perspective. Of course, this is still influenced by individual 
experiences. The author of this thesis agrees with the argumentation by D. P. Lawrence (2000) that 
communications and participation may clarify positions but they will not overcome fundamentally 
different value positions and views, even with the most sophisticated methodological approach. 
5.1.2 FoPIA and communicative planning theory 
As an ex-ante impact assessment, FoPIA is a methodological framework used during the planning 
phase, supporting strategic planning towards sustainable development in a given context. Farmers 
are still rarely involved during the planning and realisation of impact assessment (Sumberg et al. 
2003; Kristjanson et al. 2002). With FoPIA, negative side effects may be discovered that are invisible 
from the external perspective of development organisations or researchers who are planning 
development interventions (EIARD, 2003; Millstone et al., 2010). 
During the application of FoPIA, a discussion, argumentation, negotiation and exchange on 
experiences, information and values was triggered in a moderated context. It was also very 
important that the researchers and the technical experts remained in the background during the 
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impact assessment process and that a qualified moderator guided the impact assessment. 
Nevertheless, power relations are always present between researchers and farmers, as well as within 
the farmer groups (Morgan 2012; Richardson 2005; Hansen et al. 2013). The moderator focused on 
the active involvement of each participant during the process. In order to gain an insight into each 
and everybody’s opinion regarding the impacts, secret rating rounds and - if necessary - individual 
interviews on rating results were conducted after finalising the workshops. A successful ex-ante 
impact assessment requires an empathetic moderator who knows the local context (Becker et al. 
2003; Schindler et al. 2016c). It is absolutely necessary to equip practitioners and planners as capable 
moderators to work in the face of power (Hansen et al. 2013; Fischler 1989).  
5.2 Conclusion	on	research	question	and	hypothesis	
The following research question and hypothesis guided this PhD thesis: 
Does sustainability impact assessment with farmers have an added value in agricultural 
intervention planning for improved food security? 
The dissertation results show that sustainability impact assessment applied with farmers has an 
important added value for agricultural planning for improved food security. It was proven that the 
application of a participatory ex-ante impact assessment with the local community provides an in-
depth insight into the food security situation and challenges and helps to identify negative and 
positive impacts of planned upgrading strategies prior to their implementation. Therefore, it 
supports the planning for better adapted solutions to enhance the food situation and avoid negative 
outcomes. Nevertheless, it cannot be assured whether food security will be achieved, because 
several aspects that have a severe impact on agriculture - such as the climate, plant pests or conflict - 
may have disastrous impacts on the food security situation.  
This research followed the hypothesis that: 
Sustainability impact assessment supports project planning and developing solutions for 
sustainable and locally adapted agricultural development. 
Based upon the research results of this dissertation and the argumentation above, this hypothesis 
could not be disproven. As a framework for sustainability impact assessment applied at the local 
level, FoPIA supports project planning. The assessment of positive and negative impacts along the 
food security criteria - which simultaneously covered all three sustainability dimensions – provides a 
deep insight into possible risks and advantages that may occur after the implementation of proposed 
upgrading strategies. Applied during the planning phase, these important results need to be seriously 
taken into account for the adaptation and adjustment of critically-assessed agricultural upgrading 
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strategies. This will not only lead to improved impacts but also a broader acceptance and ownership 
of the proposed measures within the community. 
5.3 Outlook	
The realities of farmers are local, complex, diverse and dynamic. Our research has shown the multi-
dimensionality of food security from the farmers’ perspective. Furthermore, the interactive 
participatory approach has provided valid insight into values, priorities and preferences. Only when 
further development measures respond and respect theses values as well as priorities and when 
doubts by farmers are seriously taken into account can they have the potential to be successful in the 
local context (Chambers 1995, 2012). Many inter-relationships and much local information are simply 
invisible to researchers, whereas based upon the daily challenges that they face communities have a 
more holistic view of their livelihoods (Millstone et al. 2010). The involvement of the local 
community - as the intended beneficiary group of certain development measures - is absolutely 
necessary, not only to adapt solutions but also to raise ownership and acceptance. As highlighted by 
Mayoux and Chambers (2005), the new impact assessment agenda for pro-poor development and 
improving practice necessarily requires participation by poor women and men in deciding priorities 
and identifying upgrading strategies. However, it needs to be highlighted that it is not only the 
involvement itself and the fact that people are “somehow” participating that counts, but rather the 
way and process in terms of how the community is involved. As emphasised by Tippett et al. (2005), 
the outcome of a decision is strongly dependent on the process through which the decision is 
derived. “This is often neglected in planning and in the development of decision support tools which 
only focus on the final process of decision-making” (Joss and Brownlea 1999). Nevertheless, “it has 
long been recognised, however, that decision is only the immediate purpose of impact assessment 
and that the influence of impact assessment can extend well beyond individual decisions. It may also 
influence the values and behaviours of organisations and society at large through processes of 
learning and change” (Bartlett and Kurian 1999). 
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Methods	to	assess	farming	sustainability	in	developing	countries.	A	review.	
Jana Schindler*, Frieder Graef, Hannes Jochen König 
Abstract	
Sustainable agricultural development is fundamental to food security and poverty alleviation, notably 
in developing countries. Many development initiatives focus on the enhancement of smallholder 
production and productivity because the majority of poor people in developing countries live in rural 
areas where agriculture is the main source of livelihood. The consequences of these development 
initiatives need to be assessed before implementation to reduce the risk of possible negative 
impacts. This can be done by applying ex-ante sustainability impact assessment. Here we compare 
methods of assessment of sustainability impact for farming interventions. We review methodological 
approaches and verify whether the requirements of sustainability impact assessment theory are 
fulfilled. Our major points are: 1) main methodological approaches do not fulfill the requirements 
defined in the theoretical sustainability impact assessment discourse. 2) The active involvement of 
different stakeholder groups throughout the assessment process and the possibility of learning and 
exchange are fundamental to sustainability impact assessment. 3) The institutional dimension of 
sustainability is not yet sufficiently integrated. We therefore suggest institutional criteria and 
indicators to be also considered in the sustainability impact assessment framework. We argue that 
sustainability impact assessment, respecting the interactive involvement of all stakeholder groups 
throughout the whole process, is a compulsory element in project planning for a sustainable 
agricultural development in developing countries. 
Keywords: impact assessment; smallholder agriculture; sustainability; evaluation; food security; 
decision support 
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1. Introduction	
Sustainable agricultural development is linked to the improvement of food security and poverty 
alleviation, especially in developing countries where 98% of the chronically hungry population lives 
(WSSD 2002; FAO 2013). Sustainable agriculture is socially just, ecologically sound, economically 
viable and a paradigm that aims to produce the food needed to achieve food security (IAASTD 2009; 
Cavatassi 2010; FAO 2013). In developing countries, mainly smallholder farmers supply local and 
national markets by providing 80% of the food (IAASTD 2009; Dethier and Effenberger 2012; IFAD 
and UNEP 2013). In Africa, 90% of agricultural production is derived from smallholder farmers, where 
the average farm size is about one hectare (IAASTD 2009; IFAD and UNEP 2013). It is a well known 
contradictory fact that farmers who supply the main part of agricultural produce are the poorest and 
most hungry population group within developing countries (IAASTD 2009; Dethier and Effenberger 
2012; IFAD and UNEP 2013). Several development initiatives focus on enhancing agricultural 
production and productivity of smallholder farmers in developing countries. Because their livelihoods 
are fragile, the impact of development initiatives needs to be assessed before implementation, with 
the primary goal of increasing the probability that these initiatives will improve the livelihoods of 
impoverished people in the project regions, and to avoid negative impacts (EIARD 2003). This can be 
done by applying impact assessment in order to adapt development interventions to the local 
context and to steer towards sustainable development (Pope et al. 2013). There is a great emphasis 
on the suitability and sustainability of project interventions, and assessing this requires appropriate 
methods. Theory and practice of impact assessment are expanding rapidly. There is a large number 
of impact assessment methods related to different types: environmental, social, economic […]; 
levels: local, national, regional […]; targets: policies, programs, projects […] and timing: ex-ante, 
during and ex-post. The new approach to impact assessment is sustainability impact assessment, 
which places emphasis on delivering positive net sustainability gains now and in the future (Bond et 
al. 2012). 
Today we see a wide diversity of practices and methodology in the field of sustainability impact 
assessment (Sadok et al. 2008; Pope et al. 2013). There has been a lot more focus on ex-post than on 
ex-ante impact assessment at the project level (Silvestrini 2011). Presently, there are no 
internationally established standards regarding the methodological approaches for carrying out ex-
ante evaluations at the project level (Silvestrini 2011; GIZ 2013). Pope et al. (2013) highlight that “[…] 
the lack of consistent and agreed methodology is perceived as a strength allowing for flexibility and 
context-specific approaches”. The number of methods and tools available is continually increasing 
(Sadok et al. 2008). We find several approaches even when narrowing the field of interest down to 
ex-ante impact assessment for the sustainability of agricultural development interventions.  
The objective of this paper is to analyze and compare existing ex-ante sustainability impact 
assessment methods. We verify whether the requirements of sustainability impact assessment, as 
given in the recent theoretical discourse, are represented in sustainability impact assessment 
approaches applied. We analyzed 10 methods currently applied within the scope of sustainable 
agricultural development, with a focus on crop farming in developing countries. Although we are 
aware that analyzing only 10 methods does not address all existing approaches, it will nevertheless 
demonstrate the variety of methods that are currently applied in the context of sustainability impact 
assessment. We first present the current state of the theory of sustainability impact assessment, 
followed by an analysis of the methodological approaches. Then we critically discuss the methods 
with respect to the theoretical requirements of sustainability impact assessment. Finally, we outline 
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the utility and the informative value of the different approaches in regards to their potential of 
achieving sustainable development.  
To identify and select sustainability impact assessment methods applied in the context of developing 
countries, we searched in scientific databases, such as the ISI Web of Science and Scopus, using the 
following keywords: (ex-ante) impact assessment, evaluation, sustainability, agriculture, (small scale) 
farming, strategic project planning, food security, decision support, project assessment. In addition, 
we searched on the websites of national and international institutions for research and 
implementation to find methodological approaches for the ex-ante impact assessment of 
development projects. We limited our focus to the methodological approaches that have been 
applied in the context of agricultural development initiatives in developing countries. To present the 
current state of practice, the case studies in developing countries date from 2000 until 2013. 
Methods that have been widely used for project assessment but which only focus on one particular 
dimension of the sustainability paradigm (for instance only on economic aspects) were excluded 
from this review.  
We analyzed the 10 methods with regard to the following characteristics: 
General application characteristics including objectives of the method; thematic agricultural sector of 
application; moment of application [ex-ante, during, ex-post]; time needed for application; spatial 
analysis scale; data input and analysis [qualitative, quantitative]; applying user; end user of results; 
timely horizon of assessed impacts. 
Representation of sustainability dimensions including number of sustainability pillars; number of 
indicators per dimension; indicators predefined or open to be defined; interrelation of dimensions; 
context-relatedness of indicators. 
Level of stakeholder involvement including representation of  involved stakeholder groups; moment 
of stakeholder involvement during the assessment; level of interactive stakeholder involvement; 
integration of collective learning process; stakeholder’s influence on indicators, assessment and 
decision making. 
2. Theoretical	background	of	ex-ante	sustainability	impact	assessment	
2.1 Definition 
Sustainability impact assessment is a process that supports decision making towards sustainable 
development in a given context. The International Association for Impact Assessment (IAIA) defines 
impact assessment in general as a process that identifies future consequences of an intended action. 
The terms “impact” and “effect” are frequently considered as synonyms (IAIA 2009). In the context of 
project planning, “ex-ante” impact assessment is used in order to predict environmental, social and 
economic consequences of an intervention in order to approve, adapt or reject a development 
project proposal. The use of impact assessment of projects dates back to the 1950s (Maredia 2009). 
According to the IAIA (2009), impact assessment procedures generally aim at providing information 
for decision making, the participation of the public, and the contribution to sustainable development 
as primary goals. 
Sustainability impact assessment is the only type of impact assessment that considers and integrates 
the three pillars of sustainable development equally. It is simply defined as the process that steers 
decision-making towards sustainability, as well as ensuring net sustainability gains in the present and 
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the future (Ness et al. 2007; Hacking and Guthrie 2008; Bond and Morrison-Saunders 2011; Bond et 
al. 2012; Singh et al. 2012). Sustainability impact assessment does not only consider environmental, 
social and economic implications, but also analyses the interrelations between the three pillars (Pope 
et al. 2004). It is becoming common as a decision-making procedure whose goal is to anticipate the 
sustainability of policies, plans, projects, programs or a current practice or activity (Pope et al. 2004; 
Hacking and Guthrie 2008; Bond and Morrison-Saunders 2011; Bond et al. 2012). Gibson (2013) lists 
six imperative criteria of sustainability impact assessment: 
- The development initiative must have a positive contribution to a sustainable future; 
- All key factors that affect a sustainable future as well as their interlinkages are considered; 
- The interdependence of ecology, economy and society is respected; 
- Trade-offs are minimized; 
- Context is respected, and effective criteria in regard to the people and the context concerned 
are used; 
- Participation at all levels from government to society is emphasized, and simplistic technical 
procedures are avoided. 
In relevant literature, the potential and limitations of quantitative versus qualitative research have 
been discussed, as have reductionist versus holistic approaches for sustainability impact assessment 
(Ness et al. 2007; Gasparatos et al. 2008; Bond et al. 2012; Bond and Morrison-Saunders 2013b). 
2.2 Reductionism vs. complexity 
Reductionism in sustainability impact assessment means that only a few indicators are used to assess 
the sustainability of a whole system. They simplify, quantify, analyze and therefore facilitate the 
communication of complex and complicated information (Singh et al. 2012). Bebbington et al. (2007) 
and Singh et al. (2012) argue that there is a widely recognized need for individuals, organizations and 
societies to find models, metrics and tools in order to assess sustainability. The risk of quantitative 
and reductionist assessment is that it can lose sight of the complex and often characteristic picture of 
reality, as well as what is important at the local level (Cosyns et al. 2013). Analytical tools and 
techniques that only use quantitative approaches, often reductionist, are less important in 
sustainability impact assessment, and decision-making has to follow more qualitative analysis 
(Cashmore 2004; Bond and Morrison-Saunders 2011; Bond et al. 2012). Bell and Morse (2008) as well 
as Bond and Morrison-Saunders (2013b) emphasize that pluralism is central to sustainability impact 
assessment in order to get a broader understanding of the given context. Sustainability impact 
assessment gives direct, effective and efficient attention to social, economic and ecological factors 
and their interaction, and it therefore supports the development of site-adapted solutions. But 
pluralism may also be considered as a weakness due to its reliance on (often costly and time 
demanding) stakeholder involvement strategies in order to integrate the diversity of a context. A 
reductionist approach often simplifies a system in an effort to have clearly defined components for 
analysis, while the holistic approach often comprises more qualitative aspects to reflect the 
complexity of a system. The broad scope of the assessment allows a more holistic picture, which 
should reduce the need for trade-off decisions (Bond et al. 2012). Therefore sustainability impact 
assessment should provide sufficient space and time with stakeholder groups to understand the local 
context and to elaborate indicators, which fully represent the analyzed system. The number and 
nature of indicators are not restricted or predefined, but need to be elaborated in an interactive 
process. Sustainability impact assessment allows complexity and enables the collection of primary 
data useful for a subsequent qualitative data analysis. 
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2.3 Stakeholder involvement 
Spohn (2004 cited Singh et al. (2012)) distinguishes between a “top-down” and a “bottom-up” 
approach in the assessment procedure. The top-down approach “[…] enables experts and 
researchers to define the overall structure for achieving the sustainability and subsequently it is 
broken down into set of indicators” while a “bottom-up approach requires systematic participation 
of various stakeholders to understand the framework as well as the key sustainable development 
indicators”. Different authors emphasize the importance of “embedded learning” due to stakeholder 
involvement in the practice of sustainability impact assessment (Gibson 2006; Bond et al. 2012; Bond 
and Morrison-Saunders 2013a). Sustainability cannot be simply measured by categories and 
indicators that are invented on the drawing board. The impact assessment process is therefore highly 
context-related and needs active stakeholder involvement (Bond et al. 2012). As context changes 
with time, so too does sustainability. Adaptation and flexibility, willingness to learn and changing 
perspectives are therefore essential requirements within the sustainability impact assessment 
process. The view of all affected parties needs to be integrated (Gibson et al. 2005; Gibson 2006; 
Bond et al. 2012). 
Thus, it is recommended that stakeholder involvement be considered from the planning phase 
through to the final evaluation, which is so critical to sustainable development, and thereby move 
away from simple technocratic decision-making towards a more dialogic approach (EIARD 2003; 
Bond and Morrison-Saunders 2011; Kiara 2011; Morgan 2012). Bebbington et al. (2007), Maredia 
(2009) and Singh et al. (2012) mention that indicators of sustainable development should be 
selected, revisited and refined upon based on the appropriate communities of interest. Stakeholder 
involvement is not only important in order to identify different perspectives, objectives and values, 
but also to align those different views and to reduce the chance that a conflict will arise. Participation 
adds to the understanding of the project itself, and thereby helps with the acceptance of decisions 
and ownership. The process ensures that results are locally adapted and relevant, and therefore 
contribute to the overall sustainability (Cashmore et al. 2009; Cosyns et al. 2013; Stoeglehner and 
Neugebauer 2013). This also requires a learning attitude to be shown by all the stakeholders 
involved. Stoeglehner and Neugebauer (2013) argue that stakeholder implication should even be 
added as “the fourth pillar“ of sustainable development. Stakeholder involvement may have 
different levels of intensity. Considering stakeholder involvement in the context of sustainability 
impact assessment means to actively involve stakeholders at all stages of a development initiative. 
Simply informing and consulting them is insufficient (Stoeglehner and Neugebauer 2013). 
3. Methodological	approaches	
In the following section, we briefly describe the objective and the methodological procedure of 10 
approaches used in sustainability impact assessment. We present them regarding their objectives, 
context of application (thematic agricultural sector of application, moment of application [ex-ante, 
during, ex-post], time needed for application, data input, spatial analysis scale, analysis [qualitative, 
quantitative], applying user, end user of results), indicators, stakeholder involvement and case study 
examples. The results are presented in Table 1. 
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Table	1	Overview	of	the	methodological	approaches	used	in	the	context	of	ex-ante	sustainability	impact	assessment	
Criteria Method 1 Method 2 Method 3 Method 4 Method 5 
Method PIA FoPIA PIPA DESIRE-DSS (WOCAT) MESMIS 
Author, year (OECD 2007) (Morris et al. 2011) 
(König et al. 2012)  
(Douthwaite et al. 2007a) 
(Alvarez et al. 2010) 
(Schwilch et al. 2009) 
(Schwilch et al. 2012b) 
(López-Ridaura et al. 2002) 
Thematic agricultural 
sector 
Poverty reduction Sustainability of land use 
management/ strategies/ 
policies 
Enhancement of rural 
livelihood 
Sustainable land management 
(desertification mitigation 
strategies) 
Small farmer sustainable 
natural resource management 
systems 
Objective of Method To improve intervention’s 
poverty orientation and assess 
impact on poverty reduction 
Assessing the impact of 
policy-driven farming 
practices on sustainable 
development 
Improvement of planning and 
evaluation of complex 
interventions in the water and 
food sectors 
Participatory process of 
appraising and selecting 
sustainable land management 
measures  
Translation of general prin-
ciples of sustainability into 
locally specific operational 
definitions and practises 
Moment of application Ex-ante, monitoring, ex-post Ex-ante Ex-ante, monitoring, ex-post Ex-ante Ex-ante, monitoring, ex post 
Estimated time for 
application of framework 
2-3 weeks/ locality 4-6 months/ locality 3 days/ locality 2-3 months/ locality Not given 
Indicators 
 
Mainly economic and social 
dimension, indicators 
predetermined, number 
restricted 
Economic, social, environ-
mental dimensions, indicators 
not predetermined, limited to 
a number of 9 indicators 
Economic, social, 
environmental dimensions, 
indicators not predetermined, 
number not restricted 
Economic, social, 
environmental dimensions, 
indicators not predetermined, 
number not restricted 
Economic, social, 
environmental dimensions, 
indicators not predetermined, 
not restricted 
Stakeholder involvement 
(*1) 
Medium to high  Medium to high High High High 
Data type  Primary and secondary Primary and secondary Primary Primary and secondary Primary and secondary 
Level of application (*2) Local, regional Local, regional, national Local Regional Farm, local 
Analysis type (*3) Qualitative and quantitative Qualitative and quantitative Qualitative Qualitative and quantitative Qualitative and quantitative 
Applying user Donor Research Research Research Research 
End user of results Donor, policy Policy, farmers Technical advisors, 
researchers, farmers 
Research, policy, donor, 
technical advisor, farmers  
Research, technical advisor, 
farmer 
Case study example Ghana, Brong-Ahafo (Osei-
Akoto and Gottmann 2010) 
India, Indonesia, Kenya, 
Tunisia, China (König et al. 
2013) 
Northern Nigeria 
(Douthwaite et al. 2007b) 
China, Yan River Basin 
(Schwilch et al. 2012b) 
Several countries in Latin 
America 
(Astier et al. 2011) 
Assessment time-
perspective (*4) 
“short-term”, “medium-term” “Flexible” “2 years” 
“After the project has ended” 
“Short term (up to at least 10 
years), long term (20 years) ” 
“Short term”, “long term”  
 
Criteria Method 6 Method 9 Method 7 Method 8 Method 10 
Method ScalA NUANCES RISE Farm-Images TOA-MD 5.0 Model 
Author, year (Crewett et al. 2011) (Giller et al. 2011) 
(Giller et al. 2006) 
(Häni et al. 2003) (Dogliotti et al. 2005) (Antle 2011) 
Thematic agricultural 
sector 
Scaling up potential of 
sustainable crop production 
systems 
Sustainable farm management 
and technology identification 
Sustainability of agricultural 
enterprises  
Sustainable farming systems Sustainability of agricultural 
technologies and 
environmental change 
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Table	1	(continued) 
Objective of Method Systematic evaluation, 
communication and 
dissemination of successful 
agricultural practices at 
community level 
Assessment of feasibility, 
impact and trade-offs of 
changing agricultural 
management and 
identification of most 
promising management  
Holistic improvement of 
sustainability in agricultural 
production 
Impact assessment of current 
levels of farm resource 
endowment on the 
possibilities for sustainable 
development and on the 
resource-use efficiency at 
farm scale 
Adoption estimation and 
impact  assessment of crop 
varieties on the poverty levels 
and the sustainability of 
agricultural systems 
Moment of application Ex-ante Ex-ante  Ex-ante Ex-ante Ex-ante, ex-post 
Estimated time for 
application of framework 
App. 1 h/ person 1 year/ locality 3-4 h/ farm, whole process 2 
days/ farm-enterprise 
Not given “Several weeks, depending on 
amount of data” 
Indicators 
 
Economic, social, 
environmental dimensions, 
indicators predetermined, 
number restricted 
Focus on environmental and 
economic dimensions, 
indicators predetermined, 
number restricted 
Economic, social, 
environmental dimensions, 
indicators predetermined, 
number restricted 
Focus on environmental and 
economic dimensions, 
indicators predetermined, 
number restricted 
Economic, social, 
environmental dimensions, 
indicators predetermined, 
number restricted 
Stakeholder involvement 
(*1) 
Low to medium Medium Low to medium (results are 
discussed with farmers and 
other stakeholders) 
None to low None to low 
Data type  Primary Primary and secondary Primary and secondary Primary and secondary Secondary 
Level of application (*2) Local, regional Farm, local Farm Farm Farm, local and regional 
Analysis type (*3) Qualitative and quantitative Qualitative and quantitative Quantitative Quantitative Quantitative 
Applying user Research, donor, technical 
advisor 
Research Research, technical advisor  Research Research 
End user of results Research, donor, 
implementing institution 
Donor, implementers, farmers Farmer, technical advisor Farmers, technical advisors Research, policy  
Case study example Tanzania, Morogoro and 
Dodoma 
(Bringe et al. 2006) 
Vihiga district, Western 
Kenya 
(Rufino et al. 2007) 
Nilgiris, Tamil 
Nadu, India  
(Häni et al. 2007) 
South Uruguay, Canelón 
Grande 
(Dogliotti et al. 2005) 
(Dogliotti et al. 2006) 
Machakos,Kenya 
(Antle 2011) 
Assessment time-
perspective (*4) 
3-5 years “Short-term (1 season), 
medium-term (1–5 years), 
long-term (5–50 years) ” 
“1 year of production”  “Flexible” “Flexible” 
(*1) Stakeholder involvement: high (all relevant stakeholders involved at all assessment stages), medium (some stakeholders at several assessment stages), low (one stakeholder 
group at one assessment stage), none 
(*2) Level of application: Local: community level; regional: sub-national level  
(*3) Analysis type: Quantitative and qualitative analysis: Quantitative research deals with the collection and analysis of data in numeric form. It tends to emphasize relatively 
large-scale and representative sets of data. Qualitative research deals with collecting and analyzing non-numeric information. It tends to focus on exploring, in as much detail as 
possible, smaller numbers of instances or examples, and aims to achieve “depth” rather than “breadth”(Blaxter et al. 1996). 
(*4) Assessment time perspective: Time perspective given as mentioned by author of methodological approach 
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Ex Ante Poverty Impact Assessment (PIA)  
The PIA guideline developed by the OECD (2007) intends to provide a framework that integrates the 
already existing approaches of different donors, their procedures and terminologies. PIA is a process 
that examines the intended and unintended consequences of projects, programs, sector 
interventions and policy reforms, and focuses on impoverished and vulnerable people. The OECD 
considers five poverty dimensions: economic, human, political, socio-cultural and protective security, 
whereby gender equity and environmental sustainability cut across all dimensions of poverty. 
PIA is based on balancing existing quantitative and qualitative information to achieve a sound and 
reliable assessment. It is an iterative process involving decision-makers and stakeholders from both 
donor and partner countries. PIA consists of five steps:  
1. Outline the poverty situation and the relevance of the intervention. 
2. Identify stakeholders and institutions. 
3. Summarize the process by which the interventions are expected to influence the target 
group (transmission channels: prices, employment, transfers, access, assets, authority and 
productivity). 
4. Outline the likely results on the stakeholder groups and their ability to escape from or to 
avoid poverty: economic-, human-, political participation-, security capabilities (to lessen 
vulnerability). 
5. Present the impacts of the intervention on the Millennium Development Goals regarding 
extreme poverty and hunger, primary education, gender equality/ empowerment of women, 
child mortality, maternal health, HIV/AIDS, malaria/ other diseases, environmental 
sustainability, and global partnership. 
Impacts of the intervention are assessed in terms of their “transmission channels”, the enhancement 
of “stakeholders capabilities“ as well as the improvements related to the Millennium Development 
Goals. The PIA results are summarized in simple matrices. 
Framework for Participatory Impact Assessment (FoPIA) 
Originally FoPIA was developed for land-use policy impact assessment in Europe. In this context the 
framework was described by Morris et al. (2011). At the same time, the FoPIA framework was 
adapted by König et al. (2010) and further developed to be applicable in the developing context 
(König et al. 2012; Purushothaman et al. 2012; König et al. 2013). FoPIA is structured around the 
DPSIR framework (Driver-Pressure-State-Impact-Response) (OECD 1993). It considers the 
relationships between environmental, economic and social issues, as well as national and regional 
sustainability priorities. By exploring alternative scenarios, the FoPIA aims to inform stakeholders 
about possible sustainability trade-offs, compromises and possible win-win situations. During the 
participatory and iterative process, alternative land-use scenarios are elaborated, and assessment 
criteria and indicators are developed and evaluated. Finally, the plausibility and the acceptability of 
the impacts are analyzed, and recommendations for improved decision-making then formulated. The 
procedural steps of FoPIA are: 
1. Nationally and regionally relevant scenarios are identified and analyzed together with 
stakeholders. 
2. Criteria based on land-use functions that present the key social, economic and 
environmental functions of land are elaborated. Stakeholders rank the perceived importance 
of each criterion for the sustainability of the region. 
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3. Assessment indicators are assigned to the land-use function criteria (expert-based). 
4. Impacts on each scenario (ex-ante) are assessed using indicators ranked by stakeholders, 
while the definition of the time horizon remains flexible. 
5. Land-use function criteria are re-evaluated and scored with the knowledge of trade-offs. 
6. Reflection on the final results with stakeholders. 
 
Figure	1	Ex-ante	sustainability	impact	assessment	workshop:	Example	of	a	workshop	applying	the	
Framework	for	Participatory	Impact	Assessment	(FoPIA).	The	participants	elaborate	in	a	participatory	
process	the	sustainability	criteria	relevant	in	their	locality.	
 
Participatory Impact Pathways Analysis (PIPA) 
PIPA (Douthwaite et al. 2007a; Alvarez et al. 2010) is a methodological approach that can be applied 
at different stages of a project cycle: planning (ex-ante), monitoring, and ex-post evaluation. With 
PIPA, an outcome and impact logic model is developed that describes how the project’s outcomes 
will be scaled out (horizontal spread of project outputs, i.e. farmer to farmer) and scaled up (vertical 
institutional expansion) to achieve environmental, social and economic impacts. Stakeholders are 
involved throughout the whole process developing all the results. According to Alvarez et al. (2010), 
stakeholders in PIPA are defined as: next users, end users, politically important actors and project 
implementers. The procedural steps of PIPA are: 
1. Stakeholders elaborate a problem- or objective tree that links the problem to be addressed 
by the project to the socio-economic and environmental situation. Further outputs and 
finally the outcomes of the project are developed. 
2. Elaboration of network maps showing how actors, relationships and interactions influence 
the general environment for the new knowledge or technology. 
3. The two aforementioned perspectives are integrated via an outcomes logic model that 
describes the project’s strategies, knowledge and practice changes, as well as outputs and 
outcomes associated with realizing the project’s vision. A monitoring and evaluation scheme 
is developed on the basis of the outcomes logic model. 
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DESIRE-Decision Support Systems (DESIRE-DSS) 
DESIRE-DSS is a three part participatory methodology for selecting sustainable land management 
options. The approach was elaborated in the context of the EU-DESIRE project (www.desire-
project.eu) and applied in 16 case studies in 14 countries within the World Overview of Conservation 
Approaches and Technologies network (WOCAT: www.wocat.org). The methodology was presented 
by Schwilch et al. (2009). It is a practical, structured and flexible methodology that can be applied in 
diverse contexts. The methodological procedure emphasizes a multi-stakeholder-learning process 
(land users, technicians, researchers, governmental and non-governmental officials) and combines in 
its solutions local knowledge with global expertise. DESIRE-DSS provides a pragmatic approach that 
considers time and financial restrictions, as well as the limited availability of facilitators and experts 
that need to guide the process. The procedure consists of constituent parts (Schwilch et al. 2012a): 
1. Identify land degradation problems and existing and potential solutions: three-day workshop 
with a series of exercises. Linking scientific and local knowledge makes it possible to derive a 
range of alternative measures and mitigation strategies. 
2. Evaluate and document the identified existing and potential prevention and mitigation 
strategies in the two to three months following the workshop by using questionnaires and a 
database system developed by WOCAT. Then appraise the ecological, economic and socio-
cultural advantages and disadvantages of the strategies identified. 
3. Participatory selection of potential options to test the implementation by weighing relevant 
criteria (e.g. technical requirements, costs and benefits of implementation, social 
acceptability, etc.) and ranking the presented strategies while taking into account the 
technical, bio-physical, socio-cultural, economic and institutional dimensions.  
MESMIS framework 
MESMIS (Spanish acronym for Indicator-based Sustainability Assessment Framework) was developed 
by the Interdisciplinary Group for Appropriate Rural Technology (GIRA) and presented by López-
Ridaura et al. (2002). It is an iterative, holistic and interdisciplinary framework for evaluating 
sustainability to improve the design and the implementation of development projects (Astier et al. 
2012). The determination of sustainability criteria and indicators varies according to the approach 
followed by the evaluation team and is specific for each case study. The framework allows for the 
derivation, measurement and monitoring of sustainability indicators, and is often applied in peasant 
natural resource management systems. Sustainability is not measured per se, but assessed through 
the comparison of two or more systems. Sustainability is here defined by: productivity, stability, 
reliability, resilience, adaptability, equity and self-reliance (self-empowerment) (López-Ridaura et al. 
2002). López-Ridaura et al. (2002) and Astier et al. (2012) present the MESMIS operational structure 
consisting of six steps forming a cyclical process: 
1. Define the evaluation objective, the context and the system under analysis: Identify existing 
and alternative management systems (components, inputs, outputs, socio-economic 
characteristics) and their socio-environmental context; identify spatial and time span of 
evaluation. 
2. Determine the system’s critical features in relation to sustainability attributes: productivity, 
stability, reliability, equity, adaptability and self-reliance.  
3. Select diagnostic criteria and, based on these strategic indicators, address the seven 
sustainability attributes and the social, economic and environmental dimension.  
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4. Measure indicators and monitor: Measurement techniques are flexible and vary from 
literature review, direct measurement or simulation model use to participatory group 
techniques in the field. The dynamic consequences of management, thresholds and trade-
offs are elaborated. 
5. Integrate the results by means of multi-criteria graphic tools: Quantitative, qualitative and 
graphical as well as mixed procedures can be used to integrate results. Indicators are 
presented in a AMOEBA diagram (Ten Brink et al. 1991) to demonstrate the present and the 
alternative system at the same time, and compare the indicator features. 
6. Offer conclusions and recommendations that reflect on how the different systems compare 
in terms of sustainability, main limitations and possibilities. A selection of scenarios and a 
translation into adaptive or corrective actions to improve the natural resource management 
system is then carried out.  
ScalA 
ScalA is a tool that aims to systematically evaluate, communicate and disseminate successful 
agricultural practices at a community level. ScalA was developed within the framework of two 
research projects (www.sustainet.org). The tool was then adapted and applied in further research 
projects (www.reacctanzania.com, www.better-is.com). The present state of the tool described here 
is the version of the ReACCT project and deals with the scaling-up of good agricultural practices 
(Crewett et al. 2011). It is specifically designed for the evaluation of an enhanced crop production 
system prior to its implementation. It compares specific requirements of a crop-production system 
and the specific conditions that are relevant for the production in a certain locality. ScalA argues that 
an intervention is sustainable if it enhances at least one of the three sustainability dimensions 
(environmental, economic and social) without the deterioration of another (Crewett et al. 2011). The 
potential of scaling-up is defined by 61 success indicators. Those indicators are linked to 
preconditions for the project’s successful implementation, namely the financial, human, institutional 
and infrastructural preconditions. ScalA consists of eight steps:  
1. Step 1: Sustainability assessment regarding 5-7 indicators for each sustainability dimension 
(environmental, economic, social). 
2. Step 2-5: Climate change responsiveness assessment (project contribution to adaptive 
capacity, resilience to climate change, employment of climate change adaptation strategies 
and adoption of greenhouse gas mitigation measures). For the steps 2 to 5, factors, 
indicators and key questions are given. 
3. Step 6-8: Assessment of the scaling-up potential (fulfillment of the basic requirements for 
project implementation; assessment of how the scaling-up factors relate to financial aspects, 
human resources as well as institutional and infrastructural considerations). In step 8, the 
actual situation is compared with the optimal situation for scaling up. 
The final outcome of the ScalA tool is a rating figure that enables a comparison between the failure 
or success of the analyzed project. 
Nutrient Use in Animal and Cropping systems – Efficiencies and Scales framework (NUANCES) 
NUANCES was presented by Giller et al. (2011) on the basis of works by Giller et al. (2006) and 
continues further developments based on results from field experiences and experiments (Rufino et 
al. 2007; Tittonell et al. 2007; van Wijk et al. 2009; Tittonell et al. 2010). NUANCES assesses the 
impact and trade-offs of agricultural management and explores the potentials of best-fit 
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technologies and promising management alternatives at farm level before they are promoted to 
farmers. Different analytical methods are combined, such as participatory research, farm typologies, 
data-mining, experiments and modeling. NUANCES outlines a four step approach:  
1. Describe and group farming systems and constraints (socioeconomic, institutional, agro-
ecological data and farming system descriptions).  
2. Describe the consequences of farmers’ decisions regarding resource allocation: detailed farm 
descriptions are entered into different models (FARMSIM, FIELD, LIVSIM, HEAPSIM (Giller et 
al. 2011)) in combination with secondary data, expert knowledge and experiments. The key 
processes of the farms are described. 
3. Draw future scenarios. Here, a series of agro-technologies to improve productivity and trade-
offs between resource allocation are discussed. 
4. Elaborate with farmers and agents of new management systems that are contributing to 
sustainable smallholder agriculture. The farmers weigh their farming strategy priorities and 
plan the interventions. 
Response-Inducing Sustainability Evaluation (RISE) 
RISE was developed by the School of Agricultural, Forest and Food Sciences (HAFL, www.hafl.bfh.ch) 
(Grenz et al. 2012). A previous version of the tool for holistic sustainability assessment at farm level 
was presented by Häni et al. (2003). RISE is an indicator and interview-based method for assessing 
the sustainability of farm management that considers the economic, social and environmental 
dimensions. Grenz et al. (2012) define sustainable agriculture as follows: “The farm produces food, 
feed and further agricultural products and services in amounts and qualities that meet the demands 
of population and trade and that reflect the local production potential, as defined by climate, soils 
and socio-economic framework conditions”.  
All sustainability dimensions (ecologic, economic and social) are covered by 10 indicators (soil use, 
animal husbandry, nutrient flow, water use, energy & climate, biodiversity & plant production, 
working conditions, quality of life, economic viability and farm management). Each indicator is 
calculated from four to seven parameters. According to Häni et al. (2003), for each indicator the 
current situation “state” (S) and the pressure “driver” (D) that the farming system puts on the 
indicator are identified. The “Degree of Sustainability” is calculated by the equation “DS = S–D” to 
identify the strong and weak aspects of the farm. RISE is used for the comparative evaluation of the 
sustainability degree of different farms, and for the enhancement of the sustainability level of a 
certain farm. Since the year 2000, RISE has been used on more than 1000 farms worldwide. It has 
been applied in 36 countries on various farm types from large commercial farms in Europe to 
smallholder farms in developing countries. The steps of application are: 
1. A trained agronomist performs a field visit to the farm and collects data by filling in the RISE 
questionnaire. 
2. Data are entered into the RISE 2.0 software (can be used online and offline, available at: 
http://www.farmrise.ch) and the degree of sustainability is calculated and visualized in a 
sustainability polygon. 
3. Four dimensions are assessed on three scales, namely whether they are strong, acceptable or 
not favorable for sustainable development. The four dimensions are: a) stability of the social, 
economic and ecological framework, b) farmer’s risk awareness, attitudes and management, 
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c) gray energy (machines, buildings, external inputs), and d) animal health and welfare (Häni 
et al. 2003). 
4. The final results are discussed with the farmers or technical advisors to develop management 
practices that will add to the sustainability of the farm. 
Interactive Multi-goal Agro-ecological Generation and Evaluation of Systems (Farm-Images) 
The methodological procedure of Farm-Images was presented by Dogliotti et al. (2005). The 
approach is generic. It integrates complex crop rotations and spatial heterogeneity on farms in one 
method to support the re-design of farming systems. The method explores sustainable development 
options and trade-offs at the farm level. It can design a diversity of land-use alternatives describing 
entire crop rotations based on given criteria. The model creates alternative farm systems by 
allocating production activities to different land units within a farm while taking into account the 
socio-economic and environmental objectives as well as the specific production conditions (i.e. land, 
labor, capital, machinery and irrigation) and the farmer’s preferences (i.e. type of crops, rotation 
length and number of land-use types). The approach follows the steps: 
1. Field scale design: A list of crops suitable to be grown at field scale in the case study site is 
elaborated. These crops are combined in crop rotations with the help of the computer model 
ROTAT (Dogliotti et al. 2003). The crop rotations are then combined with production 
techniques. This results in a number of production activities and land-use options at field 
scale. Coefficients are quantified for each production activity related to their economic 
performance, resource requirement and impact on the environment. 
2. Farm scale design: The optimal production activities identified at field scale are used to 
produce optimal farm systems that take into account the farmer’s resource endowment 
limitations in the region. Farming systems are designed by optimally allocating production 
activities to different fields on the farm using the model Farm-Images (Dogliotti et al. 2005). 
The “[…] model has seven alternative objective functions: farm gross margin, family income, 
capital requirement, soil erosion, soil organic matter rate, N surplus and environmental 
exposure to pesticides” (Dogliotti et al. 2006). These functions can be defined as constraints 
or objectives. Functions that are not required in the study can be left out. Farm-Images gives 
optimal combinations for each farm, satisfying the farmer’s interest and minimizing the 
negative side effects. 
3. The farm types are categorized and are required to represent the diversity of farm types 
existing in the case-study site. From those different farm types, endowment scenarios are 
constructed to study the influence of resource availability on options of sustainable farm 
development. The scenarios are based on the objective function and the sustainability 
thresholds set. 
Tradeoff Analysis Model for Multi-Dimensional Impact Assessment (TOA-MD) 
TOA-MD 5.0 is a computerized model publicly available at http://tradeoffs.oregonstate.edu. It was 
developed by Antle and Valdivia (2006) and further developed and applied in several case studies 
(Claessens et al. 2008; Antle 2011; Tran et al. 2013). The approach addresses the economic, 
environmental and social impacts of agricultural technologies, and also assesses adoption rates. The 
model allows for a quantitative analysis of agricultural systems. The data that is introduced in the 
model is mainly based on existing secondary, quantitative data derived from existing studies. 
Additional or missing data is collected during a farm survey. The model can be flexibly set up to 
calculate a variety of indicators. Any quantifiable outcome variable can be used, for instance 
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environmental variables like water quality or the amount of protein consumed per household 
member. The model can simultaneously calculate four outcomes in addition to income and poverty 
indicators, which are built into the model. It is possible to model whole farm systems, simulate 
economic indicators and farmer’s participation, trade-offs of technology adoption, as well as mean 
and threshold indicators for any other quantifiable economic, environmental or social outcome of 
the agricultural system. Assumptions are set for the case-study side during the model’s calculations, 
i.e. the interest of farmers to obtain the highest economic returns. 
4. Comparative	analysis	and	discussion	of	methodological	approaches	
The 10 methods described above present a variety of methodological approaches that are applied for 
the assessment of sustainability in crop-farming development projects. They range from quantitative 
modeling approaches (NUANCES, Farm Images, TOA-MD) over indicator/interview-based approaches 
(PIA, ScalA, RISE) to more participative frameworks (FoPIA, PIPA, MESMIS, DESIRE-DSS).  
4.1 General application characteristics 
The methodological approaches vary regarding their initial point of observation. FoPIA, DESIRE-DSS, 
MESMIS, RISE, NUANCE and Farm-Images start by analyzing the local context and challenges. Based 
on the current state of farm management, development initiatives are planned to achieve improved 
sustainability (Table 1). PIA, PIPA, ScalA and TOA-MD take as the initial point of observation an 
intended development initiative and assess its future impacts from there. The ex-ante impact 
assessment methods are applied in various thematic agricultural sectors (Table 1), for instance PIA 
focuses on poverty reduction, FoPIA assesses the sustainability of land-use policies, and ScalA 
analyzes the scaling-up potential of sustainable crop production. Six of the ten approaches are 
exclusively used for ex-ante assessments, while PIPA, PIA, MESMIS and TOA-MD can also be applied 
for monitoring and ex-post analysis. The majority of approaches make use of a method mix, i.e. of 
qualitative as well as of quantitative analysis practices (PIA, FoPIA, DESIRE-DSS, MESMIS, ScalA and 
NUANCES). PIPA uses only qualitative data while the modeling approaches RISE, Farm-Images and 
TOA-MD work only quantitatively. The level of application and spatial scale of impact interpretation 
greatly varies between the approaches. Particularly, the models Farm-Images and RISE give 
information at a farm level, while other approaches may also interpret impact outreach at a wider 
local (village) to regional level (for instance DESIRE-DSS, ScalA, FoPIA). The time needed for the 
application of the methodological procedures varies because it depends on the scale of the analysis 
(farm level, village level or regional level). While RISE is assumed to only take two days for an analysis 
at the farm level, DESIRE-DSS needs about three months for an assessment at the regional level. The 
majority of approaches presented are applied by research-institutes. PIA, which was developed by 
the OECD, is widely applied by donor and technical agencies and advisors. Only a few of the methods, 
such as RISE, are frequently used by implementing institutions.  
The end user of the results also varies. Some methods foresee that the results of the analysis are 
discussed with the farmers and decision makers (for instance FoPIA, DESIRE-DSS, MESMIS, PIPA, 
RISE), who form the actual target group for finding solutions in a participative way. Others instead 
use the results for internal decision as to whether projects will be implemented, or how they will 
have to be modified in order to reach the set sustainability objectives (for instance PIA and ScalA). 
The time horizons used to project impacts into the future vary from method to method. While 
NUANCES interprets short-term impacts of one season and longer-term impacts of between 5-10 
years, for DESIRE-DSS the short-term impacts are interpreted as lying within 1-3 years and long-term 
impacts up to 10 years. Some methods, such as FoPIA, PIA and MESMIS do not specify, but note only 
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that the impact assessment focuses on short- and long-term impacts. Time horizons of impacts can 
vary for different interventions and sustainability dimensions, but in the assessment process, they 
have to be more accurately defined in order to gain improved estimations of impacts, which vary 
considerably along the time scale (Table 1). 
4.2 Stakeholder involvement and learning 
The involvement of stakeholders is a central aspect of sustainability impact assessment, and this 
involvement is not limited to consultation and information, but includes providing local stakeholders 
with the capacity to shape decisions (O'Faircheallaigh and Howitt 2013; Stoeglehner and Neugebauer 
2013). “In terms of sustainability outcomes, it is critical that voices representing affected economic, 
environmental, cultural and social values and interests are heard, accurately and fully […]” 
(O'Faircheallaigh and Howitt 2013). The level of stakeholder involvement varies considerably in the 
methodological procedures presented (Table 1). DESIRE-DSS, MESMIS, PIPA and FoPIA foresee active 
participation of multiple-level stakeholder representatives at several stages of the assessment 
procedure. They are involved to describe the context, define the challenges, elaborate and weigh 
sustainability indicators, evaluate the intended activities, and in the final decision process on what to 
implement. These methods base their analysis mainly on primary data collected in the field. 
Other methods involve stakeholders during context analysis and in discussions and decision-making 
after the assessment process (NUANCES, RISE). In PIA, ScalA, NUANCES, RISE, Farm-Images and TOA-
MD the sustainability indicators are predetermined and based on theoretical assumptions of 
sustainable development. Farm-Images at its current stage and TOA-MD foresee little to no 
involvement of stakeholders. TOA-MD is mainly based on expert estimations and secondary data. In 
restrictive terms, those approaches (PIA, ScalA, NUANCES, RISE, Farm-Images and TOA-MD) cannot 
be considered true forms of sustainability impact assessment as defined by Gibson (2013). To 
contribute to the improvement of sustainable livelihoods, it is necessary to address the needs of the 
target group. Reductionist approaches with predefined sustainability criteria (for instance RISE, Farm-
Images, ScalA) simplify but also dictate what “sustainability” means and neglect the local perspective 
and development priority, while a more holistic approach (DESIRE-DSS, PIPA, MESMIS, FoPIA) allows 
the stakeholders to define their own priorities and understanding of sustainability within the local 
context. Stoeglehner and Neugebauer (2013) emphasize the need of participation and collective 
learning as central features of sustainability impact assessment, allowing for learning about facts and 
values within groups of relevant decision makers, stakeholders and planners. Sustainability is not a 
fixed state, but a moving target. Learning and exchange is an essential element of sustainability 
assessment (Gibson 2006; Bond et al. 2012; Bond and Morrison-Saunders 2013a, b). Therefore, the 
learning process is critical for all stakeholders involved. It requires horizontal as well as vertical 
interaction of multiple level stakeholders (Bond and Morrison-Saunders 2013a). It is therefore not 
sufficient to involve only one stakeholder group in the impact assessment process, but to integrate 
stakeholders of different levels, to bring them together for exchange and to involve them from the 
planning through to the final evaluation stage of an initiative (EIARD 2003; Bond and Morrison-
Saunders 2011; Morgan 2012). Only the methodological approaches DESIRE-DSS, FoPIA and PIPA 
particularly focus on the learning process during the assessment process.  
4.3 Sustainability dimensions 
Sustainability impact assessment is the only type of assessment that considers and integrates the 
three pillars of sustainable development (economy, environment and social dimensions) equally 
while also analyzing the interrelations between the three pillars (Pope et al. 2004; Ness et al. 2007; 
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Hacking and Guthrie 2008; Bond and Morrison-Saunders 2011; Bond et al. 2012; Singh et al. 2012). 
All the above-mentioned methodological approaches present an assessment for sustainable 
development and consider criteria related to all three sustainability dimensions. But not all 
methodological approaches consider these dimensions in equal terms as required above. NUANCES 
and Farm-Images mainly focus on economic and environmental criteria. PIA, on the other hand, 
mainly analyzes the economic and social dimensions. In RISE, the social dimension is under-
represented. FoPIA makes use of the land-use functions framework to link regional sustainability 
issues to land use, which helps to select and assign indicators for each sustainability dimension but 
recommends restricting them to a feasible number of approximately nine. DESIRE-DSS and MESMIS 
leave it to the stakeholders to define the nature and number of indicators for each dimension. RISE, 
PIA, ScalA, NUANCES and Farm-Images predetermine and restrict the number of indicators that are 
included in the assessment or calculation process. The interrelation between the three dimensions of 
sustainability are approached in FoPIA, PIPA, DESIRE-DSS and also in MESMIS in a participative way, 
discussing trade-offs as well as positive implications. The models NUANCES, Farm-Images and TOA-
MD calculate trade-offs due to given thresholds, but those are not weighed, strategically discussed or 
evaluated with the stakeholders. A structured discussion and reflection process with the 
stakeholders is indispensable for the effective and locally adapted analysis of interrelations. 
In all the methodological approaches presented, understanding sustainability involves the 
consideration of all three dimensions. However, not one of the methodological approaches also 
factors in the institutional dimension. Sustainability, we argue, has not only three, but four 
dimensions: social, economic, environmental and institutional (UNDESA 2001; Spangenberg et al. 
2002). Institutional capacity is a significant means for facilitating movement towards sustainable 
development (UNDESA 2001). The Norwegian Agency for Development Cooperation (Norad 2000) 
defines an institution as sustainable “[…] if it has the strength to survive and develop to fulfil its 
functions on a permanent basis with decreasing levels of external support”. For sustainable 
development, the involved individuals, organisations and social systems need to increase their 
capacities and performance in relation to sustainability goals, resources and environment. Core 
institutional objectives are accountability, civil society empowerment, gender equity and knowledge 
formation (Spangenberg 2004). Spangenberg (2002) describes the institutional dimension of the 
sustainability paradigm “[…] as the result of interpersonal processes, such as communication and co-
operation, resulting in information and systems of rules governing the interaction of members of a 
society”. Participation and governance are critical elements of the institutional dimension, and are 
indispensable for sustainable development – particularly in the development context. Institutional 
criteria and indicators therefore need to be integrated in the sustainability impact assessment 
framework of development initiatives.  
4.4 Intervention planning and sustainable development 
Sustainability assessment has the potential to considerably increase the sustainability performance 
of planning outcomes and decision-making (Bond et al. 2013). Therefore, it should be an integrated 
step of development initiative planning (Sadok et al. 2008; Stoeglehner and Neugebauer 2013). To 
date, there has been a lot more focus on the ex-post rather than the ex-ante impact assessment of 
development initiatives, and currently there is no internationally established standard of 
methodological approaches to carry out ex-ante sustainability impact assessment on planning 
development initiatives (GIZ 2013). Both implementing institutions and scientific discourse still has 
an extensive backlog demand regarding ex-ante impact assessment (Silvestrini 2011).  
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Figure	2	Challenges	for	sustainable	agricultural	development:	A	Pearl	Millet	field	in	an	arid	area	of	
Tanzania	during	the	main	rainy	season.	Improved	yields	may	enhance	the	livelihood	and	the	food	security	
of	the	rural	poor	population.	Ex-ante	impact	assessment	reduces	the	risks	of	negative	impacts	of	
agricultural	development	interventions.	
A challenge also lies in formulating a common understanding of what impact assessment means. 
Several institutions and also research reports use the term impact assessment for ex-post evaluation 
only. But impact assessment is a process that identifies future consequences of an intended action 
(IAIA 2009) and consequently is part of the planning process of interventions. Several approaches 
analyzed in this framework did not use the term impact assessment, but decision support. A common 
understanding of impact assessment in the context of sustainable development therefore is crucial. 
5. Conclusion	
Ex-ante sustainability impact assessment as part of the planning process is essential for the 
sustainability of development initiatives. The assessment process respects the three dimensions of 
the sustainability paradigm. The active involvement of multiple-level stakeholders in the assessment 
process is crucial to adapting development initiatives to the locally specific conditions. It was the 
objective of this paper to review, analyze and compare ex-ante sustainability impact assessment 
methods that are applied within the framework of sustainable agricultural development, with a focus 
on crop farming in developing countries. We have presented the variety of currently applied 
methods of ex-ante impact assessment by analyzing a sample of 10 methodological approaches. The 
minority of methodological approaches analyzed, follow this holistic understanding of sustainability 
impact assessment. Only those approaches which a) integrate equally all three sustainability 
dimensions, b) respect their interrelations, c) involve stakeholders actively at every step of the 
assessment process, and d) also focus on exchange and learning can be considered as a complete or 
holistic method of sustainability impact assessment. Methodological approaches of sustainability 
impact assessment have to be adapted to different local contexts and need to respect the 
requirements mentioned above. Only this kind of ex-ante sustainability impact assessment has a 
large potential to avoid negative outcomes and to improve stakeholder understanding, acceptance 
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and ownership of the intervention. Therefore, it should be mandatory within the planning process of 
development initiatives for sustainable development.  
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Annexe	2	
Pictures	of	the	FoPIA	process		
 
Picture 2: Elaboration of locally-relevant food security criteria with a women group in Changarawe, Morogoro 
 
 
Picture 3: Elaboration of locally-relevant food security criteria with a women group in Changarawe, Morogoro 
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Picture 4: Elaboration of locally-relevant food security criteria with a men group in Changarawe, Morogoro 
 
 
Picture 5: Food security criteria scoring results of one workshop group in Changarawe, Morogoro 
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Picture 6: Moderated discussion on the food security scoring results in a common session with female and male 
participants 
 
 
Picture 7: Moderated food security criteria discussion with male and female farmers in Ilakala, Morogoro; Researcher 
remains in the background and observes the process 
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Picture 8: Food security criteria elaboration with male focus group in Ilolo, Dodoma 
 
 
Picture 9: Food security criteria presentation in a common presentation with male and female workshop participants as 
well as village elders and decision-makers in Idifu, Dodoma 
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Picture 10: Presentation and explanation of the agricultural upgrading strategies to farmers in Ilakala, Morogoro 
 
 
Picture 11: Presentation of results of a simplified SWOT analysis of upgrading strategies by smallholders 
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Picture 12: Selection of priority upgrading strategies for implementation by male farmer in Ilolo, Dodoma 
 
 
Picture 13: Selection of priority upgrading strategies for implementation by female farmer in Ilolo, Dodoma 
Annexes 
104 
 
Picture 14: Noting down the secret impact assessment scoring results of each farmer by researcher 
 
 
Picture 15: Presentation of impact assessment results after secret scoring round in Changarawe, Morogoro 
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Picture 16: Presentation of impact assessment results after secret scoring round in Changarawe, Morogoro 
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